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(57) Abstract 

A process for the heterotrophic or predominantly heterotrophic production of whole-celled or extracted microbial products 
with a high concentration of omega-3 highly unsaturated fatty acids, producible in an aerobic culture under control leu conditions 
using biologically pure cultures of heterotrophic single-celled fungi microorganisms of the order Thraustochytriales. The harv est- 
ed whole-cell microbial product can be added to processed foods as a nutritional supplement, or to fish and animal feeds to en- 
hance the omega-3 highlv unsaturated fatty acid content of products produced from these animals. The lipids containing these 
fatty acids can also be c ted and used in nutritional, pharmaceutical and industrial applications. 
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Process tor the Heterotrophic Production of Products 
with fU^h Concentrations of Omega- 3 Highly 
Unsaturated Fatty Acids 

COMPOSITION OF MATTER AND PROCESS 

Cross-Reference to Related Applications 

This application is a continuation-in-part oi 
copending and commonly assigned U.S. patent application 
Serial No. 07/439,093, filed November 17, 1939, and 
5 entitled "Process for Heterotrophic Production oi 
Microbial Products with High Concentrations of Onega-*; 
Highly Unsaturated Fatty Acids 11 which is incorporated 
herein. in its entirety by reference and is a 
continuation-in-part of U.S. Patent Application Serial 
10 No. 07/241,410, filed September 7 r 1988, and entitle:.: 
"Process for Heterotrophic Production of Microbial 
Products w-th High Concentrations of Omega-3 Highly 
Unsaturated Fatty Acids" which was previously expressly 
abandoned . 



20 



Field of the Invention 

The field of ■ 
heterotrophic organisms 
for the production of 1 i; 
omega-3 highly unsaturat 
for human and animal cc 
for use in pharmaceutical 



c 



tes to 
ing the™ 
:ions of 
;uitable 
ives cr 



Background of the Inventi 

Omega-3 highly uns are of 

significant commercial i /e been 

25 recently recognized as important dietary compounds for 
preventing arteriosclerosis and coronary heart disease, 
for alleviating inflammatory conditions and for 
retarding the growth of tumor cells. These beneficial 
effects are a result both of omega-3 highly unsaturated 

30 fatty acids causing competitive inhibition of compounds 
produced from omega-6 fatty acids, and from beneficial 
compounds produced directly from the omega-3 highly 
unsaturated fatty acids themselves (Siraopoulos et al . , 
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1986) . Omega-6 fatty acids are the predominant highly 
unsaturated fatty acids found in plants and animals. 
Currently the only commercially available dietary source 
of omega-3 highly unsaturated fatty acids is from 
5 certain fish oils which can contain up to 20-30% of 
these fatty acids. The beneficial effects of these 
fatty acids can be obtained by eating fish several times 
a week or by daily intake of concentrated fish oil. 
Consequently large quantities of fish oil are processed 
10 and encapsulated each year for sale as a dietary 
supplement . 

However, there are several significant problems 
with these fish oil supplements. First, they car. 
contain high levels of fat-soluble vitamins that are 

15 found naturally in fish oils. When ingested, these 
vitamins are stored and metabolized in fat in the human 
body rather than excreted in urine. High doses of these 
vitamins can be unsafe, leading to kidney problems or 
blindness and several U.S. medical associations have 

20 cautioned against using capsule supplements rather than 
real fish. Secondly, fish oils contain up to 80% of 
saturated and omega-6 fatty acids, both of which can 
have deleterious health effects. Additionally, fish 
oils have a strong fishy taste and odor, and as such 

25 cannot be added to processed foods as a food additive, 
without negatively affecting the taste of the food 
product. Moreover, the isolation of pure omega-3 highly 
unsaturated fatty acids from this mixture is an involved 
and expensive process resulting in very high prices 

30 ($200-$1000/g) for pure forms of these fatty acids 
(Sigma Chemical Co., 1988; CalBiochem Co., 1987). 

The natural source of omega-3 highly unsaturated 
fatty acids in fish oil is algae. These highly 
unsaturated fatty acids are important components of 

35 photosynthetic membranes. Omega-3 highly unsaturated 
fatty acids accumulate in the food chain and are 
eventually incorporated in fish oils. Bacteria and 
yeast are not able to synthesize omega-3 highly 
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unsaturated fatty acids and only a few fungi are known 
which can .produce minor and trace amounts of onega-3 
highly unsaturated fatty acids (Weete, 1930; Wassef, 
1977 ; Erwin, 1973) . 

Algae have been grown in outdoor cultivation ponds 
for the photoautotrophic production of a wide variety cf 
products including omega-3 highly unsaturated fatty acid 
containing biomass. For example, U.S. patent 4,341,038 
describes a method for the photosynthet ic production cf 
oils from algae, and U.S. patent 4,-615,339 describes a 
process for concentrating e icosapentaenoic acid (EPA - 
(one of the omega-3 highly unsaturated fatty acids, 
produced photosynthet ical ly by strains of the green alga 
Chi orel la . Photoautot rophy is the process whereby 

ceils utilize the process of photosynthesis to construct 
organic compounds from CO? and water, while using light 
as an energy source. Since sunlight is the driving 
force for this type of production system, algal 
cultivation ponds require large amounts of surface area 
(land) to be economically viable. Due to their large 
size, these systems cannot be economically covered, 
because of high costs and technical problems, and 
because even transparent covers tend to block a 
significant amount of the sunlight. Therefore, these 
production systems are not axenic, and are difficult to 
maintain as monocultures. This is especially critical 
if the cultures need to be manipulated or stressed (e.g. 
nitrogen limited) to induce production of the desired 
product. Typically, . it is during these periods of 
stress, when the cells are only producing product and 
are not multiplying, that contaminants can readily 
invade the cultures. Thus, in most cases, the biomass 
produced is not desirable as a food additive for human 
consumption without employing expensive extraction 
procedures to recover the lipids. Additionally, 
photosynthetic production cf algae in outdoor systems is 
very costly, since cultures must be maintained at low 
densities (l-2g/l) to prevent light limitation of the 
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culture. Consequently, large volumes of water must be 
processed to recover small quantities of algae, and 
since the algal cells are very tiny, expensive 
harvesting processes must also be employed. 

Mixotrophy is an alternative mode of production 
whereby certain strains of algae carry on photosynthesis 
with light as a necessary energy source but additionally 
use organic compounds supplied in the medium. Higher 
densities can be achieved by mixotrophic production and 
the cultures can be maintained in closed reactors for 
axenic production. U.S. patents 3,444,647 and 3,316,674 
describe processes for the mixotrophic production cf 
algae. However, because of the need to supply light zo 
the culture, production reactors of this type are very 
expensive to build and operate, and culture densities 
are still very limited. 

An additional problem with the cultivation of algae 
for onega-3 highly unsaturated fatty acid production, is 
that even though onega-3 highly unsaturated fatty acids 
comprise 20-40% of some strains' total fatty acids, the 
total fatty acid content of these algae is generally 
very low, ranging from 5-10% of ash-free dry weight. In 
order to increase the fatty acid content of the cells, 
they must undergo a period of nitrogen limitation which 
25 stimulates the production of lipids. However, of all 
the strains noted to date in the literature, and over 60 
strains evaluated by the inventor, all exhibit a marked 
decrease in omega-3 highly unsaturated fatty acids as a 
percentage of total fatty acids, when undergoing 
30 nitrogen limitation (Erwin, 1973; Pohl & Zurheide, 
1979) . 

With respect to economics and to utilizing omega-3 
highly unsaturated fatty acids as a food additive, it 
would be desirable to produce these fatty acids in a 
5 heterotrophic culture. Heterotrophy is the capacity for 
sustained and continuous growth and cell division in the 
dark in which both energy and cell carbon are obtained 
solely from the metabolism of an organic substrate ( s) . 
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Since light does not need to be supplied to a 
heterotrophic culture, the cultures can be grown at very 
high densities in closed reactors. Heterotrophic 
organisms are those which obtain energy and celJ carbon 
from organic substrates, and are able to grow in the 
dark. Heterotrophic conditions are those conditions 
that permit the growth of heterotrophic organisms, 
whether light is present or not. However, the vast 
majority of algae are predominantly photoautotrophic , 
and only a few types of heterotrophic algae are known. 
U.S. patents 3,142,135 and 3,882,635 describe processes 
for the heterotrophic production of protein and pigments 
from algae such as Chlorel la . Spong iococcum , and 
Protctheca . However these genera and others that have 
been documented to grow very well heterotrophically 
(e.g. Scenedesmus) , do not produce omega-3 highly 
unsaturated fatty acids (Erwin, 1973). Th-s very few 
heterotrophic algae known to produce any omega-3 highly 
unsaturated fatty acids (e.g., apochlorotic diatoms or 
apochlorotic dinof lagellates) generally grow slowly and 
produce low amounts of omega-3 highly unsaturated fatty 
acids as a percentage of ash-free dry weight (Harrington 
and Holtz, 1968; Tornabene et al . . 1974). 

A few higher fungi are known to produce omega-3 
highly unsaturated fatty acids, but they comprise only a 
very small fraction of the total fatty acids in the 
cells (Erwin, 1973; Wassef, 1977; Weete, 1980). As 
such, they would not be good candidates for commercial 
production of omega-3 highly unsaturated fatty acids. 
For example, Yamada et al . (1987) recently reported on 
the cultivation of several species of the fungus, 
Mortierella, (isolated fror. soils) for the production of 
the omega-6 fatty acid, arachidonic acid. These fungi 
also produce small amounts of omega-3 eicosapentaenoic 
acid along with the arachidonic acid when grown at low 
temperatures (5-24'C). However, the resulting 

eicosapentaenoic acid content was only 2.6% of the dry 
weight of the cells, and the low temperatures necessary 
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to stimulate production of this fatty acid in these 
species would result in greatly decreased productivities 
(and economic potential) of the cultivation system. 
Some s i n g 1 e - c e 1 1 e d members of the order 
Thraustochytriales are also known to produce omega-3 
highly unsaturated fatty acids (EUenbogen, 2969, 
Wassef, 1977; Weete, 1980; Findlay et a_K, 1986) but 
they are known to be difficult to culture. Sparrov; 
(1960) noted that the minuteness and simple nature of 
the thalli of the family Thraustochy tr iaceae (order 
Thraustochytriales) make then exceedingly difficult to 
propagate. Additional rearons for this difficulty have 
been outlined by Emerson (1950) and summarized by 
Schneider (1976): "1) these fungi consist of very small 
thalli of only one or a few cells, which generally grov; 
very slowly in culture, and are very sensitive to 
environmental perturbation; 2) they are generally 
saprophytes, or parasites with very specialized 
nutritional and environmental demands; and 3) in pure 
culture they generally exhibit restricted growth, with 
vegetative growth terminating after a few generations." 
(Although some prior art classifies the thraustochytr ids 
as fungi, the most recent consensus is that they should 
be classified as algae, see discussion below.) 
25 As a result little attention has been paid to the 

numerous orders of these microorganisms, and those 
studies that have been conducted, have been 
predominantly carried out with a taxonomic or ecological 
focus. For example, even though the simple fatty acid 
30 distribution of several members of the order 
Thraustochytriales has been reported from a taxonomic 
perspective (EUenbogen, 1969); Findlay et al^, 1986), 
no one has ever reported their total fatty acid content 
or lipid content as percent dry weight. Unless data on 
35 the total lipid content is available, one cannot 
evaluate an organism's potential for use in the 
production of any type of fatty acid. For example, the 
omega-3 highly unsaturated fatty acid content of the 
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lipids of some marine macroal^ae (seaweeds) is reported 
to be very high, up to 51% of total fatty acids (Pohl & 
Zurheide, 1979). However, the lipid content of 

macroalgae is typically very low, only 1-2% cf cellular 
5 dry weight (Ryther, 1983) . Therefore, despite the 
reported hiqh content of omega-3 highly unsaturated 
fatty acids in the fatty acids of macroalgae, they would 
be considered to be very poor candidate organisms for 
the production of omega-3 highly unsaturated fatty 

10 acids. Despite a diligent search by the inventor, no 
reports of simple proximate analysis (% protein, 
carbohydrate and lipid) of the Thraustochytriales has 
been found, nor has anyone reported attempts to 
cultivate these species for purposes other than 

15 laboratory studies of their taxonomy, physiology or 
ecology. Additionally, many of the strains of these 
microorganisms have been isolated by simple pollen 
baiting techniques (e.g., Gaertner, 1968). Pollen 
baiting techniques are very specific for members of the 

20 Thraustochytriales, but do not select for any 
characteristics which may be desirable for large scale 
cultivation of microorganisms. 

Thus, until the present invention, there have been 
no known heterotrophic organisms suitable for culture 

25 that produce practical levels of omega-3 highly 
unsaturated fatty acids and such organisms have been 
thought to be very rare in the natural environment. 

Brief Summary of the Invention 

The present invention is directed toward a food 

30 product with a high concentration of omega-3 highly 
unsaturated fatty acids (HUFAs) which includes 
microorganisms characterized by having a high 
concentration of fatty acids of which a high percentage 
are omega-3 highly unsaturated fatty acids. In addition 

35 or alternatively, the f^od product can include omega-3 
HUFAs extracted from the microorganisms. Specifically, 
the microorganisms are Thraustochytriales, namely, 
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Thraustochytrium or Schizochvt r ium . The microorganisms 
or extracted omega-3 HUFAs are incorporated with 
additional food material which may be either animal food 
or human food. The food product of the present 
5 invention may have the bioavailability of the omega-3 
HUFAs contained therein increased by lysing the cells of 
the microorganisms. The food product may also be 
extruded. In order to prevent degradation of the omega- 
3 HUFAs, the food product may be packaged under non- 
10 oxidizing conditions or may further comprise an 
antioxidant. 

Another embodiment of the present invention relates 
to a method of raising an animal comprising feeding the 
animal Thraustochytriales or omega-3 HUFAs extracted 

15 therefrom. Animals raised by the method of the present 
invention include poultry, cattle, swine and seafood, 
which includes fish, shrimp and shellfish. The omega-3 
HUFAs are incorporated into the flesh, eggs and other 
products of these animals which are consumed by humans. 

20 Omega-3 HUFAs may be consumed as the whole cell 

microbial product, the extracted omega-3 HUFA product, 
or the animal or animal product incorporating omega-3 
HUFAs. Increased intake of omega-3 HUFAs produced in 
accordance with the present invention by humans is 

25 effective in preventing or treating cardiovascular 
diseases, inflammatory and/or immunological diseases, 
and cancer. 

Yet another embodiment of the present invention is 
a method of producing omega-3 HUFAs which comprises 

30 culturing Thraustochytriales in a medium with a source 
of organic carbon and assimilable nitrogen. Preferably, 
the source of organic carbon and assimilable nitrogen 
comprises ground grain. The method further comprises 
culturing Thraustochytriales consisting of 

35 Thraustochvtr ium . Schizochvtrium , or mixtures thereof 
under nutrient-limited or nitrogen-limited conditions 
for an effective amount of time, preferably about 6 to 
about 24 hours, and harvesting the Thraustochytriales 
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during the period of nitrogen limitation in order to 
increase the concentration of omega -3 HUFAs in the 
microorganisms. The method further comprises adding an 
antioxidant compound selected from the group consisting 
5 of BHT, BHA, TBHQ, ethoxyquin, beta-carotene, vitamin E 
and vitamin C during post-harvest processing in order to 
prevent degradation of the omega-3 HUFAs. The method 
further comprises stressing the microorganisms with low 
temperatures during culturing, maintaining a high 
10 dissolved oxygen concentration in the medium during 
culturing, and adding to the medium effective amounts of 
phosphorous and a microbial growth factor (yeast extract 
or corn steep liquor) to provide sustained growth of the 
microorganisms. The present method further includes 
15 culturing unicellular microorganisms having the 
identifying characteristics of ATCC Nos. 20888, 20839, 
20890, 20891, 20892 and mutant strains derived 
therefrom. Omega-3 HUFAs produced by the method can 
then be separated from the lipids extracted from the 
20 microorganisms by fractional crystallization which 
comprises rupturing the microorganism cells, extracting 
the lipid mixture from the ruptured cells with a 
solvent, hydrolyzing the lipid mixture, removing non- 
saponifiable compounds and cold-crystallizing the non- 
25 HUFAs in the lipid mixture. 

A further embodiment of the present invention is a 
method for selecting unicellular, aquatic microorganisms 
capable of heterotrophic growth and capable of producing 
omega-3 HUFAs comprising selecting microorganisms of a 
size between about l^m and 25^m from a small population 
of microorganisms collected from naturally occuring 
shallow saline habitats, culturing the microorganisms in 
a medium comprising organic carbon, assimilable 
nitrogen, assimilable phosphorous and a microbial growth 
factor under heterotrophic conditions, and selecting 
clear, white, orange, or red-colored non-filamentous 
colonies having rough or textured surfaces. 
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Detailed Description of the Prefers E^bnriinon^ 

For purposes of definition throughout the 
application, it is understood herein that a fatty acid 
is an aliphatic monocarboxylic acid. Lipids are 
understood to be fats or oils including the glyceride 
esters of fatty acids along with associated 
phosphatides, sterols, alcohols, hydrocarbons, ketones, 
and related compounds. . 

A commonly employed shorthand system is used in 
this specification to denote the structure of the fatty 
acids (e.g., Weete, 1980). This system uses the letter 
"C» accompanied by a number denoting the number of 
carbons in the hydrocarbon chain, followed by a colon 
and a number indicating the number of double bonds, 
L^. C20:5, eicosapentaenoic acid. Fatty acids are 
numbered starting at the carboxy carbon. Position of 
the double bonds is indicated by adding the Greek letter 
delta it.) followed by the carbon number of the double 



bond; i.e. . C20 : 5omega-3a 5 ' 8 ' 11 ' 14 ' 17 ^ 



The "omega' 



notation is a shorthand system for unsaturated fatty 
acids whereby numbering from the carboxy-terminal carbon 
is used. For convenience, w3 will be used to symbolize 
"omega-3, » especially when using the numerical shorthand 
nomenclature described herein. Omega-3 highly 

unsaturated fatty acids are understood to be 
polyethylenic fatty acids in which the ultimate 
ethylenic bond is 3 carbons from and including the 
terminal methyl group of the fatty acid. Thus, the 
complete nomenclature for eicosapentaenoic acid an 
omega-3 highly unsaturated fatty acid, would be 

C20:5W3A ;> ' 8 ' 11 ' 14 ' 17 Priy - 

For the saka of brevity, the 
double bond locations u 5 , 8 , 11 , 14 , 17) ^ ^ 

Eicosapentaenoic acid is then designated C20:5w3, 
Docosapentaenoic acid (C22 : 5w3a 7 ' 10 ' 13 ' 16 > is 

° 22 : 5 V 7 'lo i,"^ 10 Docosa nexaenoic ac^d 

J is C22:6w3. The nomenclature 
•highly unsaturated fatty acid" means a fatty acid with 
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4 or more double bonds. "Saturated fatty acid" means a 
fatty acid with 1 to 3 double bonds. 

A collection and screening process was developed by 
the inventor to readily isolate many strains of 
5 microorganisms with the following combination of 
economically desirable characteristics for the 
production of omega-3 highly unsaturated fatty acids: 
1) capable of heterotrophic growth; 2) high content of 
omega-3 highly unsaturated fatty acids; 3) unicellular; 
10 4) preferably low content of saturated and omega-6 
highly unsaturated fatty acids; 5) preferably 
nonpigmented, white or essentially colorless cells; 6) 
preferably thermot olerant (ability to grow at 
temperatures above 30'C); and 7) preferably euryhaline 
15 (able to grow over a wide range of salinities, but 
especially at low salinities) . 

Collection, isolation and selection of large 
numbers of suitable heterotrophic strains can be 
accomplished by the following method. Suitable water 
20 samples and organisms typically can be collected from 
shallow, saline habitats which preferably undergo a wide 
range of temperature and salinity variation. These 
habitats include marine tide pools, estuaries and inland 
saline ponds, springs, playas and lakes. Specific 
25 examples of these collection sites are: i) saline warn 
springs such as those located along the Colorado river 
in Glenwood Springs, Colorado, or along the western edge 
of the Stansbury Mountains, Utah; 2) playas such as 
Goshen playa located near Goshen, Utah; 3) marine tide 
pools such as those located in the Bird Rocks area of La 
Jolla, California; and 4) estuaries, such as Tiajuana 
estuary, s?.n Diego County, California. Special effort 
should br made to include some of the living plant 
matter c.nd naturally occurring detritus (decaying plant 
and animal matter) along with the water sample. The 
sample can then be refrigerated until return to the 
laboratory. Sampling error is minimized if the water 
sample is shaken for 15-30 seconds, prior to pipetting 
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or pouring a portion, for example, 1-10 ml, into a 
filter unit. The filter unit includes 2 types of 
filters: i) on top, a sterile Whatman #4 filter 
(Trademark, Whatman Inc., Clifton, U.J.); and 2) 
5 underneath the Whatman filter, a polycarbonate filter 
with l.O/im pore size. The purpose of the first (top) 
filter is to remove all particulate matter greater than 
about 25^m, generally allowing only unicellular type 
material to pass onto the 1.0 M m polycarbonate filter. 
10 The first filter greatly reduces the number of mold 
colonies that subsequently develop upon incubation of 
the polycarbonate filter at elevated temperatures, 
thereby enhancing the opportunities for other colonies 
to develop. Mold spores are very numerous in coastal 
and inland saline waters, and mold colonies can quickly 
cover an agar plate unless screened out. The l.o M n size 
of the polycarbonate filter is chosen to allow many of 
the bacteria to pass on through into the filtrate. The 
purpose of using a sandwich filter design is to select 
20 for unicellular organisms at least a portion of whose 
cells range in diameter from about l„m to about 25„m in 
size (organisms which could potentially be grown easily 
in a fermenter system for production on a large scale) . 
Extensive growth of these unicellular organisms can be 
encouraged by incubation of the polycarbonate filter on 
an agar plate. Competition between organism-, growing on 
the filter facilitates the isolation of competitive, 
robust strains of single-celled microorganisms.' 
Unicellular aquatic microorganisms selected by the 
foregoing method display a range of cell size depending 
on growth conditions and stage of reproductive cycle. 
Most cells in culture have diameters in the range from 
about i„m to about 25^m; however, cells (thalli and 
sporangia) in the cultures can be found that have larger 
diameters (depending on the strain) up to about 60„m. 

After filtration, the polycarbonate filter can be 
placed on an agar plate containing saline media 
containing a source of organic carbon such as 



25 



WO 91/07498 



PCT/US90/06375 



-13- 



carbohydrate including glucose, various starches, 
molasses, ground corn and the like, a source of 
assimilable organic or inorganic nitrogen such as 
nitrate, urea, ammonium salts, amino acids, microbial 
5 growth factors included in one or more of yeast extract, 
vitamins, and corn steep liquor, a source of assimilable 
organic or inorganic phosphorous, and a pH buffer such 
as bicarbonate. Microbial growth factors are currently 
unspecified compounds which enhance heterotrophic growth 
10 of unicellular microorganisms, including fungi and 
algae. The agar plates can be incubated in the dark at 
25-35*c (30°C is preferred) and after 2-4 days numerous 
colonies will have appeared on the filter. Recovery of 
1-5 colonies/plate of the desired organism is not 
15 uncommon. Yeast colonies are distinguishable either by 
color (they frequently are pink) or by their morphology. 
Yeast colonies are smooth whereas the desired organisms 
form in colonies with rough or textured surfaces. 
Individual cells of the desired organism can be seen 
20 through a dissecting microscope at the colony borders, 
whereas yeast cells are not distinguishable, due to 
their smaller size. Mold and higher fungi colonies are 
distinguishable from the desired organisms because they 
are filamentous, whereas the desired organisms are non- 
25 filamentous. Clear or white-colored colonies can be 
picked from the plates and restreaked on a new plate of 
similar media composition. While most of the desired 
organisms are clear or white-colored, some are orange or 
red-colored due to the presence of xanthophyll pigments 
30 and are also suitable for selection and restreaking. 
The new plate can be incubated under similar conditions, 
preferably at 30°C and single colonies picked after a 2- 
4 day incubation period. Single colonies can then be 
picked and placed in, for example, 50ml of liquid medium 
containing the same organic enrichments (minus agar) as 
in the agar plates. These cultures can be incubated for 
2-4 days at 30*C with aeration, for example, on a rotary 
shaker table (100-200 rpm.). When the cultures appear 
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to reach maximal density, 20-40ml of the culture can 
then be harvested by centrif ugation or ether suitable 
method and preserved, as by lyophilization. The sample 
can then be analyzed by standard, well-known techniques 
including gas chromatography techniques to identify the 
fatty acid concent of the strain. Those strains with 
oraega-3 highly unsaturated fatty acids can thereby be 
identified and cultures of these strains maintained for 
further screening. 

Promising strains can be screened for temperature 
tolerance by inoculating the strains into 250ml shaker 
flasks containing 50ml of culture media. These cultures 
are then incubated for 2 days on the shaker table over 
any desired temperature range from most practically 
between 2". -18'C. one culture at each 3*C interval. 
Production can be quantified as the total amount of 
fatty acids produced per ml of culture medium. Total 
fatty acids can be quantified by gas chromatography as 
described above. A similar process can also be employed 
to screen for salinity tolerance. For salinity 

tolerance a range of salinities yielding conductivities 
from 5-40 mmho/cm is adequate for most purposes. 
Screening for the ability to utilize a variety of carbon 
and nitrogen sources can also be conducted employing the 
procedure outlined above. The carbon and nitrogen 
sources were evaluated herein at concentrations of 5g/l. 
Carbon sources evaluated were: glucose, corn starch, 
ground corn, potato starch, wheat starch, and molasses. 
Nitrogen sources evaluated were: nitrate, urea, 

ammonium, amino acids, protein hydrolysate, corn steep 
liquor, tryptone, peptone, or casein. Other carbon and 
nitrogen sources can be used, the choice being open to 
those of ordinary skill in the art, based on criteria of 
significance to the user. 

It has been unexpectedly found that species/strains 
from the genus Thrausochytrinm can directly ferment 
ground, unhydrolyzed grain to produce omega-3 HUFAs . 
This process is advantageous over conventional 
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f ermentation processes because such grains are typically 
inexpensive sources of carbon and nitrogen. Moreover, 
practice of this process has no detrimental effects on 
the beneficial characteristics of the algae, such as 
5 levels of omega-3 HUFAs. 

The present process using direct fermentation of 
grains is useful for any type of grain, including 
without limitation, corn, sorghum, rice, wheat, oats, 
rye and millet. There are no limitations on the grind 

10 size of the grain. However, it is preferable to use at 
least coarsely ground grain and more preferably, grain 
ground to a flour-like consistency. This process 
further includes alternative use of unhydrolyzed corn 
syrup or agricultural/fermentation by-products such as 

15 stillage, a waste product in corn to alcohol 
fermentations, as an inexpensive carbon/nitrogen source. 

In another preferred process, it has been found 
that omega-3 HUFAs can be produced by Thraust ochvtr ium 
or Schizochvtriun by fermentation of above-described 

20 grains and waste products which have been hydrolyzed. 
Such grains and waste products can be hydrolyzed by any 
method known in the art, such as acid hydrolysis or 
enzymatic hydrolysis. A further embodiment is a mixed 
hydrolysis treatment. In this procedure, the ground 

25 grain is first partially hydrolyzed under mild acid 
conditions according to any mild acid treatment method 
known in the art. Subsequently, the partially 

hydrolyzed ground grain is further hydrolyzed by an 
enzymatic process according to any enzymatic process 

30 known in the art. In this preferred process, enzymes 
such as amylase, amyloglucosidase , alpha or beta 
glucosidase, or a mixture of these enzymes are used. 
The resulting hydrolyzed product is then used as a 
carbon and nitrogen source in the present invention. 

35 Using the collection and screening process outlined 

above, strains of unicellular fungi and algae can be 
isolated which have omega-3 highly unsaturated fatty 
acid contents up to 32% total cellular ash-free dry 
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weight (afdw), and which exhibit growth over a 
temperature range from 15-48 'C and grow in a very low 
salinity culture medium. Many of the very high omega-3 
strains are very slow growers. Stains which have been 
isolated by the method outlined above, and which exhibit 
rapid growth, good production and high onega-3 highly 
unsaturated fatty acid content, have onega-3 unsaturated 
fatty acid contents up to approximately 10% afdw. 

Growth of the strains by the invention process car. 
be effected at any temperature conducive to satisfactory 
growth of the strains, for example, between about 15 C 
and 48 *C, and preferably between 25-36 5 C. The culture 
medium typically becomes more alkaline during the 
fermentation if pH is not controlled by acid addition or 
buffers. The strains will grow over a pH range from 
4.0-11.0 with a preferable range of about 5.5-8.5. 

When growth is carried out in large vessels and 
tanks, it is preferable to produce a vegetative inoculum 
in a nutrient broth culture by inoculating this broth 
culture with an aliquot from a slant culture or culture 
preserved at -70 'C employing the cryoprotectants 
dimethylsulf oxide (DMSO) or glycerol. When a young, 
active vegetative inoculum has then been secured, it can 
be transferred aseptically to larger production tanks or 
fermenters. The medium in which the vegetative inoculum 
is produced can be the same as, or different from, that 
utilized for the large scale production of cells, sc 
long as a good growth of the strain is obtained. 

The inventor found that single-celled strains of 
the order Thraustochytriales (containing omega-3 fatty 
acids) isolated and screened by the process outlined 
above, generally exhibited restricted growth, with 
vegetative growth terminating after a few generations as 
predicted by Emerson (1950) and Schneider (1976). 
However, the inventor found that by maintaining 
relatively high concentrations of phosphorous (e.g., 
KH 2 P0 4 > 0.2g/l) and/or adding a nutritional supplement 
(source of fungal growth factors) such as yeast extract 
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or corn steep liquor (greater than 0.2g/l), continuously 
growing cultures of these unicellular fungi could be 
maintained. The ability to maintain growth for more 
than 2-3 generations in liquid culture is termed herein 
sustained growth. As a group, strains in the genus 
TfrraustochYtrium appear to respond more favorably tn 
phosphate additions than those in the genus 
SchizochytriuTn . which appear to need less phosphate. In 
terms of nutritional supplements supplying fungal growth 
factors, corn steep liquor can be substituted for the 
yeast extract, and with some strains, has even, a more 
enhanced effect for allowing the strains to achieve high 
densities in culture. The corn steep liquor and yeast 
extract contain one or more growth factors necessary for 
15 growth of the cells. While the growth factor (s) is not 
presently defined, it is a component of yeast extract 
and corn steep liquor, and either jf these well-known 
nutritional supplements are satisfactory. Carbon 
conversion efficiencies close to 50% (g cell dry weight 
20 produced/lOOg organic carbon added to culture medium) 
can easily be achieved employing this process. 

A microbial product high in protein and high in 
omega-3 highly unsaturated fatty acids can be produced 
by harvesting the cells in the exponential phase of 
25 growth. if a product significantly higher in lipids and 
omega-3 highly unsaturated fatty acids is desired, the 
culture can be manipulated to become nutrient limited, 
preferably, nitrogen limited for a suitable time, 
preferably in the range from 6 to 24 hours. The 
30 cultures can be transferred to a nitrogen-free medium 
or, preferably, the initial nitrogen content of the 
growth medium can be provided such that nitrogen becomes 
depleted late in the exponential phase. Nitrogen 
limitation stimulates total lipid production while 
maintaining high levels of omega-3 highly unsaturated 
fatty acids as long as the induction period is kept 
short, usually 6-24 hours. This phase of the culture, 
when the culture population has achieved its maximum 
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cell density, is known as the stationary phase. Length 
of the induction period can be manipulated by raising or 
lowering temperature, depending on the strain employed. 
Additionally, the cells can be cultured on a continuous 
5 basis in a medium with a high carbon-to-nitrogen ratio, 
enabling continuous production of high lipid content 
(and high omega-3 content) cellular biomass. The 
unicellular strains of heterotrophic microorganisms 
isolated by the screening procedure outlined above, tend 

10 to have high concentrations of three omega-3 highly 
unsaturated £atty acids: C2 0:5w3, C22:5w3 and C2 2:6w3 
^^_J^ er y_low conceritration of C20:4w6. The ratios of 
these fatty acids can vary depending on culture 
conditions and the strains employed. Ratios of C20:5w3 

15 to C22:6w3 can run from about 1:1 to 1:30. Ratios of* 
C22:5w3 to C22:6w3 can run from 1:12 to only trace 
amounts of C22:5w3. In the strains that lack C22:5w3, 
the C20:5w3 to C22:6w3 ratios can run from about T 1 : 1 to 
ijJ^O- An additional highly unsaturated fatty acid, 

20 C22:5w6 is produced by some of the strains, including 
all of the prior art strains (up to a ratio of 1:4 with 
the C22:6w3 fatty acid). However, C22:5w6 fatty acid is 
considered undesirable as a dietary fatty acid because 
it can retroconvert to . the C2 0:4w6 fatty acid. The 

25 screening procedure outlined in this invention, however, 
facilitates- the. isolation of some "strains that contain 
no (or less than 1%) omega-6 highly unsaturated fatty 

acids (C20:4w6 or C22:5w6) . ~~ ' 

HUFAs in microbial products, such as those produced 

30 by the present process, when exposed to oxidizing 
conditions can be converted to less desirable 
unsaturated fatty acids or to saturated fatty acids. 
However, saturation of omega-3 HUFAs can be reduced or 
prevented by the introduction of synthetic antioxidants 

35 or naturally-occurring antioxidants, such as beta- 
carotene, vitamin E and vitamin C, into the microbial 
products. 
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Synthetic antioxidants, such as BHT, BHA, TbriQ or 
ethoxyquin, or natural antioxidants such as tocopherols, 
can be incorporated into the food or feed products by 
adding them to the products during processing of the 
5 cells after harvest. The amount of antioxidants 

incorporated in this manner depends, for example, on 
subsequent use requirements, such as product 
formulation, packaging methods, and desired shelf life. 

Concentrations of naturally-occurring antioxidants 
10 can be manipulated by harvesting a fermentation in 
stationary phase rather than during exponential growth, 
by stressing a fermentation with low temperature, and/or 
by maintaining a high dissolved oxygen concentration in 
the medium. Additionally, concentrations of naturally 
15 occurring antioxidants can be controlled by varying 
culture conditions such as temperature, salinity, and 
nutrient concentrations. Additionally, biosynthetic 
precursors to vitamin E, such as L-tyrosine or L- 
phenylalanine, can be incorporated into fermentation 
20 medium for uptake and subsequent conversion to vitamin 
E. Alternatively, compounds which act synergistical ly 
with antioxidants to prevent oxidation (e.g., ascorbic 
acid, citric acid, phosphoric acid) can be added to the 
fermentation for uptake by the cells prior to harvest. 
25 Additionally, concentrations of trace metals, 
particularly those that exist in two or more valency- 
states, and that possess suitable oxidation-reduction 
potential (e.g., copper, iron, manganese, cobalt, 
nickel) should be maintained at the minimum needed for 
30 optimum growth to minimize their potential for causing 
autooxidation of the HUFAs in the processed cells. 

Other products that can be extracted from the 
harvested cellular biomass include: protein, 
carbohydrate , sterols , carotenoids , xanthophy 1 Is , and 
35 enzymes (e.g., proteases). Str ains p roducing high 
1 e ve 1 s ^^o£^omeg^ 6 fatty acids have also been isolated. 
Such strains a realise £ul for"jproducing omega-6 Tatty 
acids which, in turn, are useful starting materials for 
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chemical synthesis of prostaglandins and other 
eicosanoids. ^train^Hgducing, m ore than 25 % _of_ total 

€ ^^-^-^^^3^J^X^ i ^^ been isolat^d~b~y 
the method descri bed herein. ~~~ ■ 

5 T «e harves^d~TiT ma 7s can be dried (e.g.. spray 

drying, tunnel drying, vacuum drying, or a similar 
process, and used as a feed or food supplement for any 
animal whose meat or products are consumed by humans. 
Similarly, extracted omega-3 HUFAs can be used as a feed 
10 or food supplement. Alternatively, the harvested and 
washed biomass can be used directly (without drying) as 
a feed supplement. To extend its shelf life, the wet 
biomass can be acidified (approximate p H = 3 5-4 5) 
and/or pasteurized or flash heated to inactivate enzymes 
lo and then canned, bottled or packaged under a vacua, o~ 
non-oxidizing atmosphere (e.g., n 2 or cc > 2) . The ^ 
"animal" means any organism belonging to the kingdom 
Animal ia . Tne term .. animal ., means any organisn 

bexongxng to the kingdom Animalia and includes, without 
limitation, any animal from which poultry meat, seafood 
beef, por k or lamb is derived. Seafood is derived from 
without limitation, f ish , shrimp and snellfish> ^ 
term "products" includes any product other than meat 

5 ^JAT fr ° m SUCh aninalS ' -eluding, without 
limitation, eggs or other products. When fed to such 
animals, omega-3 HUFAs in the harvested biomass or 
extracted omega-3 HUFAs are incorporated into the flesh 
eggs or other products of such animals to increase the 
omega-3 HUFA content thereof. 

' varvi" Sh ° Uld bS n ° ted di "«™: -ni„als have 

varying requirements to achieve a d^i,-^ 

" ieve a aesired omega-3 HUFA 
content. For « a , ple , ru ni „a„ts require some 

encapsulation technique for cega-3 HUFAs to protect 
these unsaturated fatty acids fro. breakdown or 

aTa b r\ by rUme " ^ior to digestion 

and absorption of the on.ega-3 HUFAs by the ani-a!. The 
o-eqa-3 HUFA-S can be "protected" by coating the oils or 
=el ls With a protein (e.g., 2e ain, or other su^sIaTces 
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which cannot be digested (or are poorly digested) in the 
rumen. This allows the fatty acids to pass undamaged 
through the ruminant's first stomach. The protein or 
other "protectant" substance is dissolved in a solvent 
5 prior to coating the cells or oil. The cells can be 
pelleted prior to coating with the protectant. Animals 
having high feed conversion ratios (e.g., 4:1 - 6:1) 
will require higher concentrations of onega-3 HUFAs to 
achieve an equivalent incorporation of omega-3 HUFAs as 
10 animal with low feed conversion ratios (2:1 - 3;i). 
Feeding techniques can be further optimized with respect 
to the period of an animal's life that harvested biomass 
or extracted omega-3 HUFAs must be fed to achieve a 
desired result. 

For most feed applications, the oil content of the 
harvested cells will be approximately 25-50% afdw, the 
remaining material being protein and carbohydrate. The 
protein can contribute significantly to the nutritional 
value of the cells as several of the strains that have 
20 been evaluated have all of the essential amino acids and 
would be considered a nutritionally balanced protein. 

In a preferred process, the freshly harvested and 
washed cells (harvested by belt filtration, rotary drum 
filtration, centrifugation, etc.) containing omega-3 
HUFAs can be mixed with any dry ground grain in order to 
lower the water content of the harvested cell paste to 
below 40% moisture. For example, corn can be used and 
such mixing will allow the cell paste/corn mixture to be 
directly extruded, using common extrusion procedures. 
The extrusion temperatures and pressures can be modified 
to vary the degree of cell rupture in the extruded 
product (from all whole cells to 100% broken cells). 
Extrusion of the cells in this manner does not appear to 
greatly reduce the omega-3 HUFA content of the cells, as 
some of the antioxidants in the grain may help protect 
the fatty acids from oxidation, and the extruded matrix 
may also help prevent oxygen from readily reaching the 
fatty acids. Synthetic or natural antioxidants can also 
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be added to the cell paste/grain mixture prior to 
extrusion. By directly extruding the cell paste/grain 
mixture, drying times and costs can be greatly reduced, 
and it allows manipulation of the bioavailability of the 
omega-3 HUFAs for feed supplement applications by degree 
of cell rupture. The desired degree of cell rupture 
will depend on various factors, including the acceptable 
level of oxidation (increased cell rupture increases 
likelihood of oxidation) and the required degree of 
bioavailability by the animal consuming the extruded 
material . 

The unicellular fungal strains isolated by the 
.nethod described readily flocculate and settle, and this 
process can be enhanced by adjusting the pH of the 
culture to pH < 7.0. A 6-fold concentration of the 
cells within 1-2 minutes can be facilitated by this 
process. The method can therefore be employed to 
preconcentrate the cells prior to harvesting, or to 
concentrate the cells to a very high density prior to 
nitrogen limitation. Nitrogen limitation (to induce 
higher lipid production) can therefore be carried out in 
a much smaller reactor, or the cells from several 
reactors consolidated into one reactor. 

A variety of procedures can be employed in the 
recovery of the microbial cells from the culture medium. 
In a preferred recovery process, the cells produced by 
the subject process are recovered from the culture 
medium by separation by conventional means, such as by 
filtration or centrif ugation . The cells can then be 
washed; frozen, lyophilized, or spray dried; and stored 
under a non-oxidizing atmosphere of a gas such as C0 2 or 
N 2 (to eliminate the presence of o 2 ) , prior to 
incorporation into a processed food or feed product. 

Cellular lipids containing the omega-3 highly 
unsaturated fatty acids can also be extracted from the 
microbial cells by any suitable means, such as by 
supercritical fluid extraction, or by extraction with 
solvents such as chloroform, hexane, methylene chloride, 
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methanol, and the like, and the extract evaporated under 
reduced pressure to produce a sample of concentrated 
lipid material. The omega-3 highly unsaturated fatty 
acids in this preparation may be further concentrated by 
5 hydrolyzing the lipids and concentrating the highly 
unsaturated fraction by employing traditional methods 
such as urea adduction or fractional distillation 
(Schlenk, 1954), column chromatography (Kates, 1986), or 
by supercritical fluid fractionation (Hunter, 1937) . 
10 The cells can also be broken or lysed and the lipids 
_ e ^ ctra cted i"t: o vegeta ble or other ecUbl e o i 1 (Bo rowitzka 
and Borowitzka, 1988). The e xj: r a ctSx oils can be 
refined by well-known processes r ou t i ne 1 y~empl oyed to 
refine vegetables oils (e.g. chemical refining or 
15 physical refining) . These ref ining processes remove 
i mpu rities froTn extracted oils before they a re used or 
f °A d as edib le oil s - The refining process consists of a 
^£lg£...glJP ] Eg.9.gg5 es tQ deg um, bleac h , f i 1 ter , deodor i ze 
_ J!Jl!j^^ • After ref inTi^T^lie^^ils 

20 Can be used dire ctly as a feed or^^^T^l^dTi^^e"™^© 
P ro ^ u gg..^^egAlg^Hy FA enriched produc t s7~~ A 1 tVrrTa t i ve 1 y7 
the oil can be further processed and purified as 
outlined below and then used in the above applications 
and also in pharmaceutical applications. 
25 In a preferred process, a mixture of high purity 

omega-3 HUFAs or high purity HUFAs can be easily 
concentrated from the extracted oils. The harvested 
cells (fresh or dried) can be ruptured or permeabilized 
by well-known techniques such as sonication, liquid- 
30 shear disruption methods (e.g., French press of Manton- 
Gaulin homogenizer) , bead milling, pressing under high 
pressure, f reeze-thawing, freeze pressing, or enzymatic 
digestion of the cell wall. The lipids from the 
ruptured cells are extracted by use of a solvent or 
35 mixture of solvents such as hexane, chloroform, ether, 
or methanol. The solvent is removed (for example by a 
vacuum rotary evaporator, which allows the solvent to be 
recovered and reused) and the lipids hydrolyzed by using 
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any of the well-known methods for converting 
triglyceride s^ to free fatty acids or" e sters of fatty 
- acids - including base" hydrolysis, acid ~hyd7o~l y s i s , or 
enzymatic hydrolysis. The hydrolysis should be carried 
5 out at as low a temperature as possible (e.g., room 
temperature to 60 'C) and under nitrogen to minimize 
breakdown of the omega-3 HUFAs . After hydrolysis is 
completed, the nonsaponi f iable compounds are extracted 
into a solvent such as eMier, hexane or chloroform and 
10 removed. The remaining solution is then acidified by 
addition of an acid such as HC1 , and the free fatty 
acids extracted into a solvent such as hexane, ether, or 
chloroform. The solvei.t solution containing the free 
fatty acids can then be cooled to a temperature low 
15 enough for the non-HUFAs to crystallize, but not so low 
that HUFAs crystallize. Typically, the solution is 
cooled to between about -60*C and about -74 *c. The 
crystallized fatty acids (saturated fatty acids, and 
mono-, di-, and tri-enoic fatty acids) can then be 
20 removed (while keeping the solution cooled) by 
filtration, centrif ugation or settling. The HUFAs 
remain dissolved in the filtrate (or supernatant) . The 
solvent in the filtrate (or supernatant) can then be 
removed leaving a mixture of fatty acids which are >90% 
2 5 purity in either omega-3 HUFAs or HUFAs which are 
greater than or equal to 20 carbons in length. The 
purified omega-3 highly unsaturated fatty acids ca n thJn 
be use d as a nutr itional suppj^ment for huma ns,_as a 
..jP^^dditive, or for pharmaceutical applica tions. For 
30 these uses the purified fatty acids can be enclp~sulated 
or used directly. Antioxidants can be added to the 
fatty acids to improve their stability. 

The advantage of this process is that it is not 
necessary to go through the urea complex process or 
35 other expensive extraction methods, such as 
supercritical C0 2 extraction or high performance liquid 
chromatography, to remove saturated and mono-unsaturated 
fatty acids prior to cold crystallization. This 
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A dV ^I a -? e .. . is _. enabled . . b V starting the purif ication 

process with an oil consistinq^of ^ YSEpI^Z^^jicid 

profile _ s ucn a s that produced by ThraustochytridT (3~Tr 
4 saturated or monounsaturated fatty acids with" 3 or 4 
_HUFAs, two groups of fatty acids widely separIted~Tn 
terms of their crystallization temperatures) ra ther than 
-J a _^P^e^iJ--Such_as._f _ish oil witj?_up to JO Ja«y_acids 
(representing a continuous range of saturated, mono-, 
di-, tri-, and polyenoic fatty acids, and as such, a 
series of overlapping crystallization temperatures) . 

. I " *. P 5^5. erred Process, the o mega -3 HUFA enriched 
oils can be Produced thr^gh"c^ltivation oT~ s trains Tf 
* -f h S genus Thrau S tQrh^r^^ » f ^ r The "'Tiis "~a~re 
extracted from the cells"' by any of several well-known 
15 methods, the remaining extracted (lipids removed) 
biomass which is comprised mainly of proteins and 
carbohydrates, can be sterilized and returned to the 
fermenter, where the strains of Thrau S torh Y tH,, m can 
directly recycle it as a nutrient source (source of 
20 carbon and nitrogen) . No prehydrolysis or predigestion 
of the cellular biomass is necessary. Extracted biomass 
of the genus Schizochytri urn can be recycled in a similar 
manner if it is first digested by an acid and/or 
enzymatic treatment. 
25 As discussed in detail above, the whole-cel l 

biomass can_b^u^_^rgctly__as_a_ food additive to 
B ^^ e ^±^^^^ll_^}9hly unsat urated" fatty "IcTd 
COnter lL^P± ^ r i tional v alue""" of_3^ocessed_ foodTToT 
^^.Jj^L^LJS'JtD^ 1 feed. When "used as "animal 
feed, omega-3 HUFAs are incorporated into the flesh or 
other products of animals. The complex lipids 

containing these fatty acids can also be extracted from 
the whole-cell product with solvents and utilized in a 
more concentrated form (e.g., encapsulated) for 
pharmaceutical or nutritional purposes and industrial 
applications. a further aspect of the present invention 
includes introducing omega-3 HUFAs from the foreoging 
sources into humans for the treatment of various 
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diseases. As defined herein, "treat" means both the 
remedial and preventative practice of medicine. The 
dietary value of omega-3 HUFAs is widely recognized in 
the literature, and intake of omega-3 HUFAs produced in 
5 accordance with the present invention by humans is 
effective for treating cardiovascular diseases, 
inflammatory and/or immunological diseases and cancer. 

The present invention will be described in more 
detail by way of working examples. Species meeting the 

10 selection criteria described above have not been 
described in the prior art. By employing these 
selection criteria, the inven tor isolated over 25 
potenti . a ^f. v ^ romising strains from approximat^Ty~ looo 
J!25Ei2» _ ?5£eened . OjJt_o.f_thelappro^ 

15 in the American Typ e Culture Collection (ATCC) , 10 

...™ ra _ inS _ "„?. r _ e .. A ater identif ied as belonging "to the~"same 
* a . xon f^£ c 9 rou P as "the" strains ' isolated "by the "inventor . 
Those strains* ™st ill ~ viabTe"Tn '''ThV~' CoTTecTion — wire 
procured and used to compare with strains isolated and 
cultured by the disclosed procedures. The results of 
this comparison are presented in Examples 5 and 6 below. 

Since the filing of the parent case, recent 
developments have resulted in revision of the taxonomy 
of the Thraustochytrids. The most recent taxonomic 
25 theorists place them with the algae. However, because 
of the continued taxonomic uncertainty, it would be best 
for the purposes of the present invention to consider 
the strains as Th r a u s t o c h y d r i d s (Order: 
Thraustochytriales; Family: Thraustochytriaceae ; Genus: 
30 Thraustochytrium or Schizochytrium) . The most recent 
taxonomic changes are summarized below. 

All of the strains of unicellular microorganisms 
disclosed and claimed herein are members of the order 
Thraustochytriales. Thraustochytrids are marine 

3 5 eukaryotes with a rocky taxonomic history. Problems 
with the taxonomic placement of the Thraustochytrids 
have been reviewed most recent by Moss (198 6), Bahnweb 
and Jackie (1986) and Chamberlain and Moss (1988). For 
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convenience purposes, the Thraustochytr ids were first 
placed by taxonomists with other colorless zoosporic 
eukaryotes in the Phycomycetes (algae-like fungi). The 
name Phycomycetes, however, was eventually dropped from 
5 taxonomic status, and the Thraustochytrids retained in 
the Oomycetes (the biflagellate zoosporic fungi) . It 
was initially assumed that the Oomycetes were related to 
the heterokont algae, and eventually a wide range of 
ultrastructural and biochemical studies, summarized by 

10 Barr (1983) supported this assumption. The Oomycetes 
were in fact accepted by Leedale (1974) and other 
phycologists as part of the heterokont algae. However, 
as a matter of convenience resulting from their 
heterotrophic nature, the Oomycetes and Thraustochytrids 

15 have been largely studied by mycologists (scientists who 
study fungi) rather than phycologists (scientists who 
study algae) . 

From another taxonomic perspective, e- ->lut ionary 
biologists have developed two general schools of thought 

20 as to how eukaryotes evolved. One theory proposes an 
exogenous origin of membrane-bound organelles through a 
series of endosymbioses (Margulis (1970); e.g., 
mitochondria were derived from bacterial endosynbionts , 
chloroplasts from cyanophytes, and flagella fror, 

2 5 spirochaetes) . The other theory suggests a gradual 
evolution of the membrane-bound organelles from the nor.- 
membrane-bounded systems of the prokaryote ancestor via 
an autogenous process (Cavalier-Smith 1975) . Both 
groups of evolutionary biologists however, have removed 

30 the Oomycetes and thraustochytrids from the fungi and 
place them either with the chromophyte algae in the 
kingdom Chromophyta (Cavalier-Smith 1981) or with all 
algae in the kingdom Protoctista (Margulis and Sagan 
(1985) . 

35 With the development of electron microscopy, 

studies cn the ultrastructure of the zoospores of two 
genera of Thraustochytrids, Thraustochytr ium and 
Schizochvtrium . (Perkins 1976; Kazama 1980; Barr 1981) 
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have provided good evidence that the Thraustochytr iaceae 
are only distantly related to the Oomycetes. 
Additionally, more recent genetic data representing a 
correspondence analysis (a form of multivariate 
5 statistics) of 5S ribosomal RNA sequences indicate that 
Thraustochy triales are clearly a urique group of 
eukaryotes, completely separate from the fungi, and most 
closely related to the red and brown algae, and to 
members of the Oomycetes (Mannella et al. 1987). 
10 Recently however, most taxonomists have agreed to remove 
the Thraustochytrids from the Oomycetes (Bartnicki- 
Garcia 1988) . 

In summary, employing the taxonomic system of 
Cavalier-Smith (1981, 1983), the Thraustochytrids are 

15 classified with the chromophyte algae in the kingdom. 
Chromophyta, one of the four plant kingdoms. This 
places them in a completely different kingdom from the 
fungi, which are all placed in the kingdom Eufungi. The 
taxonomic placement of the Thraustochytrids is therefore 

20 summarized below: 



25 



Kingdom : Chromophyta 

Phylum: Heterokonta 

Order: Thraustochy triales 

Family: Thraustochy triaceae 

Genus: Thraustochytrium or Schizochytrium 



30 



35 



Despite the uncertainty of taxonomic placement 
within higher classifications of Phylum and Kingdom, the 
Thraustochytrids remain a distinctive and characteristic 
grouping whose members remain classifiable within the 
order Thraustochytriales . 

Omega-3 highly unsaturated fatty acids are 
nutritionally important fatty acids for both humans and 
animals. Currently the only commercially available 
source of these fatty acids is from fish oil. However, 
there are several significant problems with the ;,se of 
fish oil as a food or feed additive or supplement. 
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First and most significantly, fish oils have a strong 
fishy taste and odor, and as such cannot be added to 
processed foods as a food additive, without negatively 
affecting the taste of the food product- This is also 
5 true for many of its app~ ications as an animal food or 
feed additive. For example, experiments by the inventor 
and others have indicated that laying hens readily go 
off their feed when fed for more than a few days on feed 
enriched with fish oils. Fish oils are very unstable, 

10 easily becoming rancid and thereby decreasing the 
palatability and nutritional value of feed. 

Secondly, fish oils generally only contain 20-30% 
omega-3 HUFAs. Desirable omega-3 HUFA contents in 
marine larval fish and shrimp feeds can be as high as 5- 

15 10% of their dry weight. To constitute an appropriate 
synthetic diet containing 5-10% omega-3 HUFAs could 
require a diet of 15-30% fish oil- Such a synthetic 
diet would not be the most suitable for these larval 
organisms either in terms of palatability, 

20 digestibility, or stability (Sargent et al . (1989) . In 
terms of human nutrition, the other 70-80% of fatty 
acids in fish oil are saturated and omega-6 fatty acids, 
fatty acids which can have deleterious health effects 
for humans. Processes for the isolation of pure omega-3 

25 fatty acids from fish oils are involved and expensive, 
resulting in very high prices ( $200-$1000/g) for pure 
forms of these fatty acids, much too expensive for use 
as a food or feed additive (Sigma Chemical, Co., 1988; 
CalBiochem Co. , 1988) . 

30 Third, most feeds currently used by the aquaculture 

industry are grain based feeds, and as such, are 
relatively low in omega-3 HUFA content. Recent surveys 
of seafood products have demonstrated that fish and 
shrimp produced by aquaculture farms generally only have 

35 1/3-1/2 the omega-3 HUFA content of wild caught fish and 
shrimp (Pigott 1989) . For aquacultured organisms, many 
which are prized because of their mild, non-fishy taste, 
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increasing the fish oil content of their food is not 
effective, because it results in a fish-tasting product. 

As a result of the problems described above, there 
is an important need for development of alternative 
5 (non-fish based) sources of omega-3 HUFAs. 

The microbial product of the present invention can 
be used as a food or feed supplement to provide an 
improved source of omega-3 highly unsaturated fatty 
acids which has significant advantages over conventional 

10 sources. Poultry fed a diet supplemented with the 
microbial product incorporate the omega-3 highly 
unsaturated fatty acids into body tissues and into eggs. 
The eggs exhibit no fishy odor or taste, no change in 
yolk color. The poultry do not stop eating the 

15 supplemented feed, as they do with fish oil-supplemented 
feed. Feed supplemented with the microbial product of 
the present invention has a normal shelf life and does 
not become rancid upon standing at room temperature for 
several days. The eggs and flesh of poultry fed 

20 according to the invention are useful in human nutrition 
as sources of omega-3 highly unsaturated fatty acids, 
yet are low in omega-6 fatty acid content and lack a 
fishy flavor. 

The microbial product of the present invention is 
25 also of value as a source of omega-3 highly unsaturated 
fatty j*c ids for fish, shrimp and other products produced 
by aquaculture. The product can be added directly as a 
supplement to the feed or it can be fed to brine shrimp 
or other live feed organisms intended for consumption by 
30 the aquacultured product. The use of such supplement 
enables the fish or shrimp farmer to bring to market an 
improved product retaining the taste advantages provided 
by aquaculture but having the high omega-3 highly 
unsaturated fatty acid content of wild caught fish 
3 5 coupled to the additional health advantage of reduced 
omega-6 fatty acid content. 

Brief Description of the Figures 
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Figure 1 is a bar graph showing the effects of 
various media supplements on fatty acid yield, using 
Thraustochytrium sp. UT4 2-2 (ATCC No. 20891) , a strain 
isolated according to the selection method of the 
invention as a test strain. The experimental procedure is 
described in Example 2. Ordinate: fatty acid yield, 
normalized to control, FFM media without supplements. 
Abscissa: specific additions, 1) 2x M B"-vitamin mix; 2) 
2x 11 A" vitamin mix; 3) 2x PI metals; 4) 28mg/l KH 2 P0 4 ; 5) 
treatments 2), 3) and 4) combined; and 6) 480mg/l KH 2 P0 t . 

Figure 2 is a graphical representation of highly 
unsaturated fatty acid production in newly isolated 
strains of the invention, represented by □, and previously 
isolated strains represented by * . Each point represents 
a strain, the position of each point is determined by the 
percent by weight of total fatty acids which were omega-3 
highly unsaturated fatty acids (abscissa) and the percent 
by weight of total fatty acids which were omega-6 fatty 
acids (ordinate) . Only those strains of the invention 
were plotted wherein less than 10.6% (w/w) of total fatty 
acids were omega-6 and more than 67% of total fatty acids 
were omega- 3. Data from Table 4. 

Figure 3 is a graphical representation of highly 
unsaturated fatty acid production in newly isolated 
strains of the invention, represented by □, and previously 
isolated strains, represented by a. Each point represents 
a strain, the position of each point is determined by the 
percent by weight of total fatty acids which were omega- 3 
highly unsaturated fatty acids (abscissa) and percent of 
weight of total fatty acids which were eicosapentaenoic 
acid (EPA C20:5w3) (ordinate). Only those strains of the 
invention were plotted wherein more than 67% (w/w) of 
total fatty acids were omega-3 and more than 7.8% (w/w) of 
total fatty acids were C20:5w3. 
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Figure 4 is a graphical representation of omega -3 
highly unsaturated fatty acid composition in newly 
isolated strains of the invention, represented by □, and 
previously isolated strains, represented by Each point 
represents a separate strain* Values on the abscissa are 
weight fraction of total omega-3 highly unsaturated fatty 
acids which were C20:5w3 and on the orainate are weight 
fraction of total omega-3 fatty highly unsaturated acids 
which were C22:6w3. Only strains of the invention were 
plotted having either a weight fraction of C20:5w3 28% or 
greater, or a weight fraction of C22:6w3 greater than 
93.6%. 

Figure 5 is a graph showing growth of various newly 
isolated strains of the invention and previously isolated 
strains, at 25*C and at 30*C. Growth rates are normalized 
to the growth rate of strain U-30 at 25'C. Previously 
isolated strains are designated by their ATCC accession 
numbers. Numerical data in terms of cell number doublings 
per day are given in Table 5. 

Figure 6 is a graph of total yields of cellular 
production after induction by nitrogen limitation. Each 
of ash-free dry weight, total fatty acids and omega-3 
highly unsaturated fatty acids, as indicated, was plotted, 
normalized to the corresponding value for strain 28211 ♦ 
All strains are identified by ATCC accession numbers. 

Figure 7 is a graph of fatty acid yields after growth 
in culture media having the salinity indicated on the 
abscissa. Strains shown are newly isolated strains S31 
(ATCC 20888) (■) and U42-2 (ATCC 20891) ( + ) and previously 
isolated strains, ATCC 28211 (jfc) and ATCC 28209 (□) . 
Fatty acid yields are plotted as relative yields 
normalized to an arbitrary value of 1.00 based on the 
average growth rate exhibited by S31 (ATCC 20888) (!) over 
the tested salinity range. 

Figure 8 is a graph of increases in the onega-3 
highly unsaturated fatty acid content of the total 
lipids in the brine shrimp, Artemia salina , fed 
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Thraustochytrid strain (ATCC 20890) isolated by the 
method in Example 1. EPA = C20:5w3; DHA = C22:5w3. 

Figure 9 is a graph of increases in the onega-3 
highly unsaturated fatty acid content of the total 
lipids in the brine shrimp, Artemia sal ina , fed 
Thraustochytrid strain (ATCC 20888) isolated by the 
method in Example 1. EPA = C20:5w3; DHA = C22:5w3. 

EXAMPLES 

Example l. Collection and Screening 

A 150ml water sample was collected from a shallow, 
inland saline pond and stored in a sterile polyethylene- 
bottle. Special effort was made to include some of the 
living plant material and naturally occurring detritus 
(decaying plant and animal matter) along with the water 
sample. The sample was placed on ice until return tc 
the laboratory. In the lab, the water sample was shaken 
for 15-30 seconds, and l-10ml of the sample was pipetted 
or poured into a filter unit containing 2 types of 
filters: 1) on top, a sterile 47mm diameter Whatman ?4 
filter having a pore size about 25t*m; and 2) underneath 
the Whatman filter, a 47mm diameter polycarbonate filter 
with about LO^m pore size. Given slight variations of 
nominal pore sizes for the filters, the cells collected 
on the polycarbonate filter range in size from about 
l.O^m to about 25mIh. 

The Whatman filter was removed and discarded. The 
polycarbonate filter was placed on solid F-l media in a 
petri plate, said media consisting of (per liter): 
600ml seawater (artificial seawater can be used) , 400ml 
distilled water, log agar, lg glucose, lg protein 
hydrolysate, 0.2g yeast extract, 2ml 0.1 M KH2PO4, 1ml 
of a vitamin solution (A-vits) (Containing 100mg/l 
thiamine, 0.5mg/l biotin, and 0.5mg/l cyanocobalamin) , 
5ml of a trace metal mixture (PII metals, containing per 
liter: 6.0g Na 2 EDTA, 0.29g FeCl 3 6H 2 0, 6.84g H3BO3, 0.86 
MnCl 2 4H 2 0, 0.06g 2nCl 2 , 0.026g CoCl 2 6H 2 0, (0.052g 
NiS0 4 H 2 0, 0.002g CuSo 4 5H 2 0, and 0.005g Na 2 Mo0 4 2H 2 0, and 
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500mg each of streptomycin sulfate and penicillin-G. 
The agar plate was incubated in the dark at 30 *C. After 
2-4 days numerous colonies appeared on the filter. 
Colonies of unicellular fungi (except yeast) were picked 
5 from the plate and restreaked on a new plate of similar 
media composition. Special attention was made to pick 
all colonies consisting of colorless of white cells. 
The new plate was incubated at 30 *C and single colonies 
picked after a 2-4 day incubation period. Single 

10 colonies were then picked and placed in 50ml of liquid 
medium containing the same organic enrichments as in the 
agar plates. These cultures were incubated for 2-4 days 
at 30 *c on a rotary shaker table (100-200 rpm) . When 
the cultures appeared to reach maximal density, 20-40ml 

15 of the culture was harvested, centrifuged and 
lyophilized. The sample was then analyzed by standard, 
well-known gas chromatographic techniques (e.g., Lepage 
and Roy, 1984) to identify the fatty acid content of the 
strain. Those strains with omega-3 highly unsaturated 

20 fatty acids were thereby identified, and cultures of 
these strains were maintained for further screening. 

Using the collection and screening process outlined 
above, over 150 strains of , unicellular fu ngi have been 
isolated which have omega-3 highly unsaturated fatty 

25 acid contents up to 32% total cellular ash-free dry 
weight, and which exhibit growth over a temperature 
range from 15-48°C. Strains can also be isolated which 
have less than 1% (as % of total fatty acids) of the 
undesirable C20:4w6 and C22:5w6 highly unsaturated fatty 

30 acids. Strains of these fungi can be repeatedly 
isolated from the same location using the procedure 
outlined above. A few of the newly isolated strains 
have very similar fatty acid profiles. The possibility 
that some are duplicate isolates of the same strain 

3 5 cannot be ruled out at present. Further screening for 
other desirable traits such as salinity tolerance or 
ability to use a variety of carbon and nitrogen sources 
can then be carried out using a similar process. 
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Exainple 2. Maintaining unrestricted cell growth: 

Phosphorus 

Cells of Thraustochvtrium sp. U42-2 (ATCC No* 
20891), a strain isolated by the method in Example 1, 
5 were picked from solid F-medium and inoculated into 50ml 
of modified FFM medium (Fuller et al ., 1964), This 
medium containing: seawater, 1000ml; glucose, l.Og; 
gelatin hydrolysate, l.Og; liver extract, O.Olg; yeast 
extract, O.lg; PII metals, 5ml; 1ml B-vitamins solution 
10 (Goldstein et al . . 1969); and 1ml of an antibiotic 
solution (25g/l streptomycin sulfate and penicil 1 in-G) . 
1.0ml of the vitamin mix (pH 7.2) contains: thiamine 
HCl, 200|ig; biotin, 0.5/ig; cyanocobalamin, 0.05^g; 
nicotinic acid, lOO^g; calcium pantothenate, lOO^g; 
15 riboflavin, 5.0/ig; pyridoxine HCl, 40.0/xg; pyridoxamine 
2HC1, 20.0^g; p-aminobenzoic acid, 10/ig; chlorine HCl, 
500/ig; inositol, l.Omg; thymine, 0.8mg; orotic acid, 
0.26mg; folinic acid, 0.2/ig; and folic acid, 2.5 M g- 
250ml erlenmeyer flasks with 50ml of this medium were 
20 placed on an orbital shaker (200 rpm) at 27 # c for 2-4 
days, at which time the culture had reached their 
highest densities. One ml of this culture was 

transferred to a new flask of modified FFM medium, with 
the extra addition of one of the following treatments on 
25 a per liter basis: l) lml of the B-vitamin mix; 2) 1ml 
of A-vitamin solution; 3) 5ml PII Metals; 4) 2ml of 0.1 
M KH 2 P0 2 (=28mg) ; 5) treatments 2, 3, and 4 combined; 
and 6) 480mg KH 2 P0 4 . One ml of the culture was also 
transferred to a flask of modified FFM medium which had 
3 0 no extra additions made to it and served as a control 
for the experiment. The cultures were incubated for 4 8 
hr. at 27°c on a rotary shaker (200 rpm). The cells 
were then harvested by centrif ugation and the fatty 
acids were quantified by gas chromatography. The 
results are illustrated in Figure 1 and Table 1. In 
Figure l, the yields are plotted as ratios of the 
control, whose relative yield is therefore 1.0. 
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Treatments 1-6 are as follows: l) 2x concentration of B 
vitamins; 2) 2x concentration of A vitamins; 3) 2x 
concentration of trace metals; 4) 2x concentration of (B 
vitamins + phosphate + trace metals) ; 5) 2x 
5 concentration of phosphate; and 6) 2 4 mg phosphate per 
50ml (.48g per liter). Only the treatment of adding 
0.48g KH 2 P0 4 per liter resulted in enhanced growth and 
resulted in significantly increased fatty acid yield. 

10 Table 1. Effect of various nutrient additions on the 
yield of fatty acids in Thraustochytrium sp. 
U42-2 (ATCC No. 20891) 

Fatty Acid Yield 
Treatment mg/ liter 

Control 2 3 

2x concentration of B vitamin mix 17 

2x concentration of A vitamin mix 24 

2x concentration trace metals 27 

20 2x concentration B vitamin mix, 

2x P0 4 and 2x concentration trace 

metals 24 

2x concentration PO4 2 3 

24mg phosphate per 50 ml 4 5 



15 



Example 3, Maintaining unrestricted growth; PO 4 and 
veast extract: 

Cells of Schizochvtrium aggregatum (ATCC 28209) 
were picked from solid F-l medium and inoculated into 
50ml of FFM medium* The culture was placed on a rotary 
shaker (200 rpm) at 27 *C. After 3-4 days, lml of this 
culture was transferred to 50ml of each of the following 
treatments: 1) FFM medium (as control) ; and 2) FFM 
medium with the addition of 250mg/l KH2PO4 and 250mg/l 
yeast extract. These cultures were placed on a rotary 
shaker (200 rpm) at 27 *C for 48 hr. "he cells were 
harvested and the yield of cells quantified. In 
treatment 1, the final concentration of cells on an ash- 
free dry weight basis was 616mg/l. In treatment 2, the 
final concentration of cells was 1675mg/l, demonstrating 
the enhanced effect of increasing PO4 and yeast extract 
concentrations in the culture medium. 

Example 4 . Maintaining unrestricted growth: 

substitution of corn steep liouor for veast extract 

Cells of Schizochytrium sp. S31 (ATCC No, 20888) 
were picked from solid F-l medium and placed into 50ml 
of M-5 medium* This medium consists of (on a per liter 
basis): NaCl , 25g; MgS0 4 7H 2 0, 5g; KC1 , lg; CaCl 2 , 
200mg; glucose, 5g; glutamate, 5g; KH2PO4, lg; PI I 
metals, 5ml; A-vitamins solution, lml; and antibiotic 
solution, lml. The pH of the solution was adjusted to 
7.0 and the solution was filter sterilized. Sterile 
solutions of corn steep liquor (4g/40ml; pH 7.0) and 
yeast extract lg/4 0ml; pH 7.0) were prepared. To one 
set of M-5 medium flasks, the following amount of yeast 
extract solution was added: 1) 2ml; 2) 1.5ml; 3) lml; 
4) 0.5ml; and 5) 0.25ml. To another set of M-5 medium 
flasks the yeast extract and corn steep liquor solutions 
were added at the following levels: 1) 2ml yeast 
extract; 2) 1.5ml yeast extract and 0.5ml corn steep 
liquor; 3) 1.0ml yeast extract and 1.0ml corn steep 
liquor; 4) 0.5ml yeast extract and 1.5ml corn steep 
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^liquor; and 5) 2rol corn steep liquor. One ml of the 
IF^-I* 1 "^ ^ n F ~ x medium was used to inoculate each flask. 
1 They were; placed on a rotary shaker at 27 *c for 48 hr. 

The cells were harvested by ccr.trif ugation and the yield 
5 of cells (as ash-free dry weight) was determined. The 
results are shown in Table 2. The results indicate the 
addition of yeast extract up to 0.8g/l of medium can 
increase the yield of cells. However, addition of corn 
steep liquor is even more effective and results in twice 
10 the yield of treatments with added yeast extract. This 
is very advantageous for the economic production of 
cells as corn steep liquor is much less expensive than 
yeast extract. 
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Enhflng^ highly unsaturated fattv acid 



content of strains isolated bv method in Example 1 

compared to ATCC strains fpreviouslv known strains) 

A battery of 151 newly isolated strains, selected 
according to the method described in Example 1, were 
sampled in late exponential phase growth and 
quantitatively analyzed for highly unsaturated fatty 
acid content by gas-liquid chromatography. All strains 
were grown either in Ml medium or liquid FFM medium, 
whichever gave highest yield of cells. Additionally, 
five previously isolated Thraustochytrium or 
Schizochvtrium species were obtained from the American 
Type Cultu: e Collection, representing all the strains 
which could be obtained in viable form from the 
collection. These strains were: T^ aureum (ATCC No. 
28211), J\ aureum (ATCC No. 34304), 2\ roseum (ATCC No. 
28210), T^ straitum (ATCC No. 34473) and S_j_ agqreaatum 
(ATCC No. 28209) . The strains all exhibited abbreviated 
growth in conventional media, and generally showed 
improved growth in media of the present invention, 
including M5 medium and FFM medium, Example 2. The 
fatty acids production of each of the known strains was 
measured as described, based upon the improved growth of 
the strains in media of the invention. 

Fatty acid peaks were identified by the use of pure 
compounds of known structure. Quantitation, in terms of 
percent by weight of total fatty acids, was carried out 
by integrating the chromatographic peaks. Compounds 
identified were: palmitic acid (C16:0), C20:4w6 and 
C22:l (which were not resolved separately by the system 
employed), C20:5w3, C22:5w6, C22:5w3, and C22:6w3. The 
remainder, usually lower molecular weight fatty acids, 
were included in the combined category of.J'other fatty 
acids." Total omega-3 fa^^jcids ,ve r£ t cal culated as 

. Of, ^ :.20^5w3, ^^ 6 * 



thefcsum 



fattv2acids were 



the 22:5w6 peak 
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The results are shown in Tables 3-4 and illustrated 
in Figs. 1 2-4. ^From Table itf can be seen that large 

numbers of strains can be? isolated by the method of the 

v { 

invention, and that large numbers of strains outperform 
5 the previously known strains by several important 
criteria. For example, 102 strains produced at least 
7.8% by weight of total fatty acids C20:5w3, a higher 
percentage of that fatty acid than any previously known 
strain. Strains 23B (ATCC No. 20892) and 12B (ATCC No. 
10 20890) are examples of such strains. Thirty (30) 
strains of the invention produced at least 68% by weight 
of total fatty acids as omega -3 fatty acids, more than 
any previously known strain. Strain 23B (ATCC No. 
20892) is an example of such strains. Sevent y-six (76) 
15 strains of the invention yielded not more than 10% by 
weight of total fatty acids as omega-6 fatty acids, 
considered undesirable components of the human diet, 
lower than any previously known strain. Strains 23B 
(ATCC No. 20892) and 12B (ATCC No. 20890) are examples 
20 of such strains. In addition, there are 35 strains of 
the invention that produce more than 25% by weight of 
total fatty acids as omega-6 fatty acids, more than any 
.previously, known^strain. While such strains may not be 
useful for dietary purposes, they are useful as 
25 feedstock for chemical synthesis of eicosanoids starting 
from omega-6 fatty acids. 

In addition, the data reveal many strains of the 
invention which produce a high proportion of total 
omega-3 fjitty^ acids^as C22:6w3. In Table 4, 48 of the 
30 strains shown in Table 2 were compared to the previously 
known strains, showing each of C20:5w3, C22:5w3 and 
C22:6w3 as percent by weight of total omega-3 content. 
Fifteen stra ins -jihad ;^ at r least .94%^ bv weight of total 
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than any previously known strain. Strain 12B (ATCC No. 
20890) was an example of such strains . 



Figure 2 illustrates the set of strains, isolated 
by the method in Example 1, that have more than 67% 
omega-3 fatty acids (as % of total fatty acids) and less 
than 10.6% omega-6 fatty acids (as % of total fatty 
acids). All of the previously known strains had less 
than 67% omega-3 fatty acids (as % of total fatty acids) 
and greater than 10.6% omega-6 (as % of total fatty 
acids) . 

Figure 3 illustrates the set of strains, isolated 
by the method ii. Example 1, that have more than 07 : \ 
or.ega-3 fatty acids (as % of total fatty acids, and 
greater than 7.5% C20:5w3 (as % of total fatty acids). 
Ail of the previously known strains had less than 67-1 
omega-3 fatty acids (as % of total fatty acids) and less 
than 7.8% C20:5w3 (as % of total fatty acids). 
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• m Uu c ** • twn-ujiiiuH OF OMEGA 3 FATTY ACIU FRACT iu.« 
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Example 6. Enhanced grovth rates of strains isolated by 
method in Example 1 compared to ATCC strains (previously 
known strains 

Cells of Sch i 2ochvtr i urn sp. S31 (ATCC No* 20383) , 
5 Schizochvtr ium sp. S8 (ATCC No. 20889), Thraustochvtrium 
sp. S42, Thraustochytrium sp. U42-2, Thraustochytrium 
sp. S42 and U30, (all isolated by the method of Example 
1) and Thraustochytrium aureum (ATCC =28211) and 
Schi zochvtriun aaareaatum (ATCC =23209) (previously 

10 known strains) were picked from solid F-l mediur. and 
placed into 50nl of M-5 medium. This mediur, consists of 
(on a per liter basis): Yeast Extract, lg; NaCl, 25g; 
NgSC>4-7H20, 5g; KC1 , lg; CaCl2, 200ng; glucose, 5g; 
glutamate, 5g; KH 2 P0 4 , lg ; PII metals, 5nl ; A-vitanins 

15 solution, 1ml; and antibiotic solution, lml. The pH of 
the solution was adjusted to 7.0 and the solution was 
filter sterilized. After three days of growth on an 
orbital shaker (200 rpm, 27°C), l-2ml of each culture 
was transferred to another flask of M-5 medium and 

20 placed on the shaker for 2 days. The cultures (l-2ml) 
were then transferred to another flask of M-5 medium and 
placed on the shaker for 1 day. This process ensured 
that all cultures were in the exponential phase of 
growth. These later cultures were then used to 

25 inoculate two 250ml flasks of M-5 medium for each 
strain. These flasks were than placed on shakers at 
25°C and 30*C, and changes in their optical density were 
monitored on a Beckman DB-G spectrophotometer (660nm, 
lcm path length) . Optical density readings were taken 

30 at the following times: 0, 6, 10, 14, 17.25, 20.25 and 
22.75 hours. Exponential growth rates (doublings/day) 
were then calculated from the optical density data by 
- the method of Sorokin (1973). The results are presented 
in Table 5 and illustrated (normalized to the growth of 

35^; strain U30 at^ 5. The data indicate that- 

method' in Example 1 ' haveHPI 
% much higher growth rates than the previously known ATCC 

.:■ r . ■:■ 
• -t$7 ■ ^ 
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strains at both 25°C and 30°C, even under the optimized 
phosphate I levels essential for continuous growth. 
$ Strains^ ^^Ch r^iu st ochy t r i a 1 e s isolated from cold 
Antarctic waters have not been shown to grov; at 3 0 C. 
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Table 5 



Exponential Growth Rate 
( doubl ings/day ) 



■i*K 



Strain 



25°C 



30' C 



10 



S3r 



U40-2 
S8* ^ 



S42 



U30 



8.5 
5.8 
7 . 1 
6.6 
5.5 



9.4 
6.0 



15 



28209 



28210' 



28211 



** 



34304 



24473 1 



4.6 
3.5 
4.2 
2.7 

4 . 6 



5.0 
4 . 5 
5.7 
3.7 
5.3 



strain isolated by method in Example 1 



previously known ATCC strain 
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Example 7 , 



Enhanced production characteristics (growth 



30 



and l ipid induction) of strains isolated by method in 
Example 1 compared to ATCC strains (prior art strains) 

Cells of Schizochvtrium sp. S31 (ATCC No. 20388), 
Schizochvtrium sp. S8 (ATCC No. 20839) (both isolated by 
the method of Example 1) and Thraustochytriur. nureur. 
(ATCC =28211) and Schizochytrium aqqreqatun (ATCC 
r 28209) (prior art strains) were picked from solid F-l 
medium and placed into 50ml of M-5 medium (see Example 
5). The pH of the solution was adjusted to 7.0 and the 
solution was filter sterilized. After three days of 
growth on an orbital shaker (200 rpm, 27 C), l-2ml of 
each culture was transferred to another flask of M-5 
medium and placed on the shaker for 2 days. The ash- 
free dry weights for each of these cultures were then 
quickly determined that 3.29mg of each culture was 
pipetted into two 250ml erlenmeyer flasks containing 
50ml of M-5 medium. These flasks were placed on a 
rotary shaker (200 rpm, 27°C). After 24 hours 20ml 
portions of each culture were then centrifuged, the 
supernatants discarded, and the cells transferred to 
250ml erlenmeyer flasks containing 50 ml of M-5 medium 
without any^^^l^tamate (N-source) . The flasks^ v were 
placed back on the shaker, and after another 12 hours 
they were sampled to determine ash-free dry weights and 
quantify fatty acid contents by the method of Lepage and 
Roy (1984). The results are illustrated (normalized to 
the yields of ATCC No. 28211, previously known strain) 
in Fig. 6. The results indicate that the strains 
isolated by the method of Example 1 produced 2-3 tines 
as much ash-free dry weight in the same period cf time, 
under a combination of exponential growth and nitrogen 
limitation (for lipid induction) as the prior art ATCC 
strains^v^^lm addition, higher yields of total fattv 
:idS' 



j^^g3^;3 : " fatty acids were obtained from^t^ins 



invention with strains S31 



"("^C^rJS^;if'l 



• ! ^ °- 8 ^ p ^^^^| 3 " 4 times as much omega-3 fatty '^cids 
as the prior art ATCC strains. • T 



£4 
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Example 8. 



Enhanced salinity tolerance and fattv acid 



10 



15 



20 



25 



30 



200mg/l: 1) 

medium, 20% 

medium, 40% 

medium, 60% 



production by strains isolated by method in Example 1 

f i . 

Strains of 4 species of Oomycetes, Schizochyt r lum 
sp. S31 (ATCC No. 20888) and Thraustochvtrium sp. U42-2 
(ATCC No. 20891) (both isolated and screened by the 
method of Example 1), and aqqreqatun (ATCC 2S209) and 
T. aureum (ATCC 28210) (obtained from the American Type 
Culture Collection) were picked from solid F-l medium 
and incubated for 3-4 days at 27°C on a rotary shaker 
(200 rpm) . A range of differing salinity medium was 
prepared by making the following dilutions of M nediur. 
salts (NaCl, 25g/l; MgS0 4 -7H 2 0, 5g/l; KC1, lg/1; CaCl 2 , 
100% (w/v M medium salts; 2) 80* (v/v) M 
(v/v) distilled water; 3) 60% (v/v) K 
'v/v) distilled water; 4) 40% (v/v) K 
v/v) distilled water; 5) 20% (v/v) M 
medium, 80% distilled water; 6) 15% (v/v) M medium, 85% 
(v/v) disti. .ed water; 7) 10% (v/v) M medium, 90% (v/v) 
distilled water; 8) 7% (v/v) M medium, 93% (v/v) 
distilled water; 9) 3% (v/v) M medium, 97% (v/v) 
distilled water; 10) 1.5% (v/v) H medium, 98. 51 (v/v) 
distilled water. The following nutrients were added to 
the treatments (per liter): glucose, 5g; glutamate, 5g; 
yeast ext., lg; (NH4) 2 S0 4 , 200 mg; NaHC0 3 , 200 mg ; PII 
metals, 5ml; A-vitanins solution, 1ml; and antibiotics 
solution, 2ml. Fifty ml of each of these treatments 
were inoculated with 1ml of the cells growing in the F-l 
medium. These cultures were placed on an orbital shaker 
(200 rpm) and maintained at 27" c for 48 hr. The cells 
were harvested by centri f ugation and total fatty acids 
determined by gas chromatography. The results are 
illustrated in Fig. 7. Thraustochvtrium sp. U42-2 (ATCC 
;^Og : . 20891) isolated by the method of Example, 1 can yield 
ost, twice the amount of fatty acids produced by T. 



pHeffitp(ATCC 28210) and over 8 times thefts 



I; produ ced^by S ^| ;a aareaatu m; ^^^^c^^;^ 2 <^?y^ 

have; a. ide r i salinity 



^ iionally, U42-2 appears to 
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10 



tolerance at the upper end of the salinity range 
evaluated. Sch i z ochvt r i urn sp. S31 (ATCC No. 20S33) , 
also isolated by the method in Example 1, exhibited both 
a high fatty acid yield (2.5 to 10 tines that cf the 
previously known ATCC strains) and a much wider range of 
salinity tolerance than the ATCC strains. Additionally, 
Schizochvtriun sp. S31 (ATCC No. 20388) grows rest at 
very low salinities. This property provides a strong 
economic advantage when considering cor.rr.o rc ia 1 
production, both because of the corrosive effects cf 
saline waters on metal reactors, and because of pr:;; 1 e r. c 
associated with the disposal of saline waters. 



Example 9. Cultivation/Low Salinity 

Fifty ml of M/10-5 culture media in a 250rl 
15 erlenmeyer flask was inoculated with a colony cf 
Schizoc hvtriun sp. S31 (ATCC No. 20338) picked from ar. 
agar slant. The M/10-5 media contains: 1000ml 

deionized water, 2.5g NaCl , 0.5g KgS0 4 7H 2 0, O.lg KC1, 
0.02g CaCl 2 , 1 . Og KH 2 P0 4 , 1 . Og yeast extract, 5 . 0g 
20 glucose, 5 . Og glutamic acids, 0.2g NaHC0 3 , 5ml PII trace 
metals, 2ml vitamin mix, and 2ml antibiotic nix. The 
culture was incubated at 30 'C on a rotary shaker (2CC 
rpm) . After 2 days the culture was at a r.cierate 
density and actively growing. 20ml of this actively 
25 growing culture was used to inoculate a 2 liter 
fermenter containing 1700ml of the same culture media 
except the concentration of the glucose and glutamate 
had been increased to 40g/l (M/10-40 media) . The 
fermenter was maintained at 30 e C, with aeration ar 1 
30 vol/vol/min, and mixing at 300 rpm. After 43 hr, the- 
concentration of cells in the fermenter was 2I.7g/l. 
The cells were harvested by centrif ugation,;. JLyophii ized , 
and stored under N 2 . 
V^The total fatty acid content and omeg?|^J^^y\c id 



€^^nt^/as; determined by ga^h^tto^ 



iThe^totait 

fatty acid content of the final 4 product val^sVo* ash- 
free dry weight. The omega-3 highly unsaturated fattv 
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acid content (C20:5w3, C22:5w3 and C22:6v/3) of the 
microbial product was 25.6% of the ash-free dry weight. 
The ash content of the' sample was 7.0%. ■ ? 



Example 10. 

5 Growth and gas chromatographic analysis of fatty 

acid production by various strains as described in 
example 5 revealed differences in fatty acid diversity. 
Strains of the present invention synthesized fev:er 
different fatty acids than previously available strains. 

10 Lower diversity of fatty acids is advantageous in fatty 
acid purification since there are fewer impurities to be 
separated. For food supplement purposes, fewer 

different fatty acids is advantageous because the 
likelihood of ingesting unwanted fatty acids is reduced. 

15 Table 6 shows the number of different highly unsaturated 
fatty acids present, at concentrate -s greater than Ik 
by weight of total fatty acids t previously known 
strains, designated by ATCC number and various strains 
of the present invention. 
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Table 6 

• ■ $ -f 

No. of Different Fatty 
Acids at 1% or Greater 
Strain % of Total Fatty Acids 

5 



34 304** 


8 


28211** 


8 


24473** 


10 


23209** 


13 


28210** 


^» 
o 


S31* 


5 


So* 


6 


79B* 


6 



■4 ^ 

\ 15 strain isolated by the method in Exanple 1 
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Example 11. Recovery 

Fifty ml of M5 culture media in a 250 ml erlenmeyer 
flask was inoculated with a colony of Schizochytrium sp. 
S31 (ATCC No. 20888) picked from an agar slant* The M5 
5 media contains: 1000ml deionized water, 25. Og NaCl , 
5.0g MgS04 7H 2 0, 1 . Og KC1 , 0 . 2g CaCl 2 , 1 . 0g KH2PO4 , 1 . 0g 
yeast extract, 5.0g glucose, 5.0g glutanic acid, 0.2g 
NaHC03 , 5ni PI1 trace metals, 2ml vitamin mix, and 2ml 
antibiotic mix. The culture was incubated at 30 ' C on a 

10 rotary shaker (200 rpm) . After 2 days the culture was 
at a moderate density and actively growing. 20r.l of 
this actively growing culture was used to inoculate an 1 
liter fermenter containing 1000ml of the same culture 
media except the concentration of the glucose and 

15 glutamate had been increased to 40g/l (M20 media) . The 
fermenter was maintain at 30 *C and pH 7.4, with aeration 
at 1 vol/min and mixing at 400 rpn. After 48 hr, the 
concentratio f the cells in the fermenter was I8.5g/1. 
Aeration and mixing in the fermenter was turned off. 

20 Within 2-4 minutes, the cells flocculated and settled in 
the bottom 250 ml of the fermenter. This concentrated 
zone of cells had a cell concentration of 72g/l. This 
zone of cells can be siphoned fro- the fermenter, and: 
( 1,) * transferred to ^another reactor for a period of 

25 nitrogen limitation (e.g., combining the highly 
concentrated production of several fermenters) ; or (2) 
harvested directly by centrif ugation or filtration. By 
preconcentrating the cells in this manner, 60-30% less 
water has to be processed to recover the cells. 



3 0 Example 12 



Utilization of 



variety cf carbon and 



nitrogen sources 



Fifty ml of M5 culture media in a 250nl erlenneyer 



?l^sk v was inoculatedW/ith "a colony of Schizochvtr iun sp. 



S31 (ATCC No. 2 0888) -or Thraustochvtr ium sp. U42-2 (ATCC 
3 5 :M: No- . 20391) picked/ frbm an agar slant. The M5 media was 

^ '^^^Exl^^^P«^e>;cept V: for 2ml vitamin mix, and# 
■ :^3^;2ml^ antibiotic rmtxV^The culture was incubated at 30 5 C" 
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on a rotary shaker (200 rpm) • After 2 days the culture 
was at a moderate density and actively growing. This 
culture was used to inoculate flasks of M5 media with 
one of the following substituted for the glucose (at 

5 5g/l) : dextrin, sorbitol, fructose, lactose, maltose, 
sucrose, corn starch, wheat starch, potato starch, 
ground corn; or one of the following substituted ior the 
glutamate (at 5g/l): gelysate, peptone, tryptono, 
casein, corn steep liquor, urea, nitrate, ar.rr.on i urr. , 

t whey, cr corn gluten meal. The cultures; were incubated 
for AS hours on a rotary shaker (200 rp~, 27'C). The 
relative culture densities, representing growth on the 
different organic substrates, are illustrated in Tables 
7-8. 



Best Available Copy 

WO 91/07498 



PCT/LS90/06375 



-61- 

Table 7. Utilization of Nitrogen Sources 



N-Source 



Strains 



Thraustochvtrium 
sp. U42-2 
ATCC NO. 20891 



Schizochytriun 
sp. S31 
ATCC No. 20388 



glutamate 

gelysate 

10 peptone 

tryptone 

casein 

corn steep 
liquor 

15 urea 

nitrate 

ammonium 

whey 

corn gluten 
*meal 



+ + + 



+ + * 
+ + + 



25 



+++ = high growth 

= medium growth 
+ = low growth 
0 = no growth 
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Table 8. Utilization of Organic Carbon Sources! 



C-Source 



Strains 



Thraustochvtrium 
sp. U42-2 
ATCC No. 20891 



Schizochvt riun 
sp. S31 
ATCC Mo. 2 0833 



glucose 

dextrin 
10 sorbitol 

fructose 

lactose 

maltose 

sucrose 
15 corn starch 

wheat starch 

potato starch 

ground corn 



+ + 



-r + -r 



20 +++ = high growth 

' -?■+'■= medium grov/th 
+ = lov; growth 
0 = no grov;th 



■Slip. ti> 
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Example 13. Feeding of thraustochvtr id-based feed 

supplement to brine shrimp to increase their omega-3 
HUFA content 

Cellular biomass of Thraustochvtrium sp. 12B (ATCC 
5 20890) was produced in shake flasks in M-5 medium (see 
Example 6) at 25'C. Cellular biomass ot 

Thraustochvtrium sp. S31 (ATCC 20888) was produced in 
shake flasks in M-5/10 medium (see Example 9) at 27 C. 
The cells of each strain were harvested by 
10 centrif ugation. The pellet was washed once with 

distilled water and recentr i f uged to produce a 50* 
solids paste. The resulting paste was resuspended in 
sea water and then added to an adult brine shrir.p 
culture as a feed supplement. The brine shrir.p had 
15 previously been reared on agricultural waste products 
and as a result their omega-3 HUFA content was very low, 
only 1.3 - 2.3% of total fatty acids (wild-caught brine 
shrimp have an average omega-3 HUFA content of 6 - 8% 
total fatty acids) . The brine shrimp (2 - 3/mL) were 
20 held in a 1 liter beaker filled with sea water and an 
airstone was utilized to aerate and mix the culture. 
After addition of the feed supplement, samples of the 
brine shrimp were periodically harvested, washed, and 
their fatty acid content determined by gas 
chromatography. The results are illustrated in Figs. S 
- 9. When fed the thraustochytrid-based feed supplement 
as a finishing feed, the omega-3 content of the brine 
shrimp can be raised to that of wild-type brine shrimp 
within 5 hours if fed strain 12B or within 11 hours when 
30 fed strain S31. The omega-3 HUFA content of the brine 
shrimp can be greatly enhanced over that of the wild 
type if fed these feed supplements for up to 24 hours. 
Additionally, these feed supplements greatly increase 
the DHA content of the brine shrimp, which is generally- 
only reported in trace levels into- wild-caught brine 
shrimp. j 
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Example 14. Feeding of thraustochvtrid-based feed 

supplement to laving hens to produce omeoa-3 HUFA 
enriched eggs 

Cellular biomass of Thraustochvtr ium sp. S31 (ATCC 
5 20888) was produced in a 10 liter fermenter in :-:-5/10 
medium (see Example 9) at 27'C. The cells of 

Thraustochvtr ium sp. S31 (ATCC 20888) were harvested ty 
centrif ugation, washed once with distilled water and 
recentrif uged to produce a 50% solids paste. This cell 
10 paste was then treated in one of two ways: 1) 
lyophilized; or 2) nixed with ground corn to produce a 
70% solids paste and then extruded at 90 - 120C and air 
dried. The resulting dried products were then ground, 
analyzed for onega-3 HUFA content, and nixed into layers 
15 rations at a level to provide 400 ng of onega-3 HUFA per 
day to the laying hens (400 mg omega-3 HUFA/100 grans 
layers ration) . The resulting eggs were sampled over a 
period of approximately 45 days and analyzed by gas 
chromatography for omega-3 HUFA's. Eggs with up to 2 00 
20 - 425 mg omega-3 HUFA's/egg were produced by the hen fed 
omega-3 supplement. When cooked, these eggs did not 
exhibit any fishy odors. The control hens produced eggs 
with only approximately 20 mg omega-3 HUFA/egg. There 
v was no significant difference between the number of eggs 

i 25 laid by the control group and the hen fed the onega-3 

J supplement. There was also no different in the color of 

| yolks of the eggs produced with the feed supplement and 

| the control diet. 

i 
I 

Example 15. Production of high ouritv (>90h purity 

3 0 onega-3 HUFA or >90% purity HUFA fatty acids mixtures) 

Cellular biomass of Thraustochvtriun sp. S31 (ATCC 
20888) was produced in a 10 liter fementer in K-5/10 
medium (see Example 9) at 27°C. The cells cf this 
strain were harvested by centrif ugation . Approximately 
35 5 g of the cell paste was placed in the 350 mL stainless 
steel grinding chamber of a Bead-Beater bead mill which 
was filled 1/2 way with 0.5 mm glass beads. The 
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remaining volumes of the chamber was filled with reagent 
grade MeOH and the cells homogenized for two 3 minute 
period,. During the bead mill operation, the stainless 
steel chamber was kept cold by an attached ice bath. 
The solution of broken cells was poured into a flask to 
which was added both chloroform and a 2M NaCl solution 
in water to bring the final solution to approximately 
1:1:0.9 (chloroform:MeOH: water) . The solution was then 
poured into a separatory funnel and shaken several tines 
to help move the lipids into the. chloroform fraction. 
After the solution was allowed to settle for several 
minutes, the chloroform fraction was collected into a 
flask, another portion of fresh chloroform added to the 
separatory funnel and the extraction repeated. This 
fraction of chloroform was then collected from the 
separatory funnel and the two chloroform portions 
combined. The chloroform was then removed (and 

recovered) by using a roto-vap rotary vacuum evaporation 
device operated at 40*C. A portion (300mg) of the 
remaining lipids was removed and hydrolyzed for 6 hours 
at 60*C (under nitrogen gas) in 50 mL of solution of 
methanolic NaOH (10 mL of 0.3 N NaOH diluted to lOOnL 
with MeOH) in a 150 mL teflon lined screw capped bottle. 
The nonsaponif iable materials (sterols, hydrocarbons, 
etc.) were then removed by phase separating the solution 
with two 50 mL portions of petroleum either in a 
separatory funnel, discarding the ether fraction each 
tine. The remaining solution was then acidified by 
addition of 3 mL of 6 U HC1 and the free fatty acids 
extracted with two 50 mL portions of petroleum ether. 
Five mL portion of the ether solution containing the 
free fatty acids was placed in three 13mn X 100mm test 
tubes and the ether removed by blowing down the solution 
under a flow of nitrogen gas. Two mL, portions of either 
petroleun ether, ^hexane or ac^one^er^then added to,,^ 
one of - tubes ^fwfich v ' was ' thenfcl^S^nd''' placed in " : "a^ 
solution of dry ice and ethano'l {-12 to -74 °C) to allow., 
the non-HUFA fatty acids to crystallize. When 
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crystallization appeared complete, the culture tubes 
were placed in 50 mL polycarbonate centrifuge tubes that 
had been filled with finely powdered dry ice. These 
tubes were then placed in a refrigerated centrifuge at 
5 -10°C and centrifuged for 3-5 minutes to 10,000 rpr. . 
The supernatant was then quickly removed fror. each tube 
with a pasteur pipet and placed in a clean culture tube. 
The solvent was removed from the supernatants by blowing 
down under N 2 . The fatty acids were then methylated in 

10 methanolic H2SO4 (A mL H 2 S0 4 in 96 mL KeoH) at ICQ C for 
1 hr in teflon lined, screw capped tubes under r.*2 - The 
fatty acid methyl esters were then quantified by gas 
chromatography (HP 5890 gas chromatography Supelcc SP 
2330 column; column temp = 200°C; detector and injector 

15 temp = 250*0; carrier gas = nitrogen). The composition 
of the fatty acid mixtures obtained were: (ether) 93.1% 
HUFA's - 23.4% C22:5n-6 + 69.7% 22:6n-3; (hexane) 91.51 
HUFA's - 66.8% 22:6n-3 -r 22.1% 22:5n-6 - 2.6% 20:5n-3; 
(acetone) 90.0% HUFA's - 65.6% 22:6n-3 * 21.8n-6 * 2.6% 

20 20: 5n-3 . 

A fatty acid mixture containing >90% omega-3 HUFA's 
can be obtained by running the above process on 
harvested biomass of a strain of thraustochytrid such as 
12B (ATCC 20890) . 

2 5 General Concluding Remarks 

The following novel strains, isolated according to 
the method of the invention, were placed on deposit at 
the American Type Culture Collection (ATCC), Rcckville, 
KD, as exemplars of the organisms disclosed and claimed 

30 herein. 



Strain 



ATCC No 



S31 40^%^ 2 0B B 8 

„ S3 ";'^: v />20889 



i^Sch i z.Qchy t r i urn 
. • .^l^^ch^z-pchytrium 

■ 35^^hraustdchytrium U42-2^ '20891 
Schfzochytrium 2 3B 



12 089 0 



20892 



Deposit Date 

8/8/88 
8/8/S8 
3/3/88 
S/8/SS 
8/8/80 
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The present invention, while disclosed in terns of 
specific organism strains, is intended to include all 
such methods and strains obtainable and useful according 
to the teachings disclosed herein, including all such 
5 substitutions, modification, and optimizations as v.ould 
be available expedients to those of ordinary skill ir. 
the art. 
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What is claimed is : 

/ 1 ; A foocj product, comprising: 

a. microorganisms or extracted omega-: HUFAs 
selected from the group consisting of 
Thraus techy tr L al es , omega-3 HLTAs extractor i ro:: 
Thraustochyt riales, and mixtures thereof; and 

b. food material. 

2. A food product, as claimed in Claim 1, •.-.heroin 
said food material is animal food. 

2. A food product, as claimed in Claim I , *.:noroir. 
said food material is human food. 

4. A food product, as claimed in Claim 1, rurthcr 
comprising an antioxidant. 

5. A food product, as claimed in Claim i , \:'nerei:\ 
the ceils of the microorganisms are lysed to increase 
the bioavailability of omega-3 HUFAs contained therein. 

6. A food product, as claimed in Claim 1, -..'herein 
said food product is packaged under non-c:-; i :: i z i r\a 
conditions. 

7. A food product, as claimed in Claim 1, vherein 
said food product is extruded. 

S. A food product, as claimed in Claim 1, v;here:r. 
said group further consists of Thraustocr.vtriur. , 
S c h i zochvtriur: . omega-3 HUFAs extracted from 
Thraustochytrium . omega-3 HUFAs extracted from 
^ Schizochvtr ium . and mixtures thereof. 

, ' 9. A method of raising an animal, comprising 
feeding said animal microorganisms cr extracted omega-3 
HUFAs selected from the group consisting cf 
Thraustochyt r iales , omega-3 HUFAs extracted from 
Thraustochytriales, and mixtures thereof in an amour.': 
effective to increase the content of omega-3 HUFAs in 
said animal . 

10. A food product, as claimed in Claim 9, v/herein 
said group further consists of Thraustochyt r i urn . 
Schizochvtrium . omega-3 HUFAs extracted from 
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Thraustochvtriun , omega-3 HUFAs extracted from 
Schizochvtriun , and mixtures thereof. 

11. An anir.al raised by the net hod as claimed i r. 
Clain 9. 

12. A food product, comprising the flesh o: ::. 
aninal, wherein said animal is raised by the mc-rhc;: re- 
claimed in Claim 9. 

13. A food product, comprising an egg, wnorc-ir. 
said egg is from poultry raised by the method as claimed 
in Claim 9. 

14. A method, as claimed in Claim 9, wherein r.::i;: 
animal is poultry. 

15. A method', as claimed in Claim .14, where;.-. 5:-::.: 
animal is a chicken. 

16. A method, as claimed in Claim 9, v;horeir. said 
animal is cattle. 

1.7. A method, as claimed in Claim 9, wherein said 
animal is seafood. 

13. A method, as claimed in Claim 17, wherein said 
seafood is selected from the group consisting of fish^ 
shrimp, shellfish, and mixtures thereof. 

19. A method, as claimed in Claim 9, wherein said 
animal is swine. 

20. A method of producing omega-3 HUFAs, 
comprising culturing Thraustochytr i a les in a medium 
comprising a source of organic carbon and a source of 
assimilable nitrogen . 

21- A method, as claimed in Claim 20, wherein said 
Thraustochytriales are selected from the group 
consisting of Thraustschvtriun , S c h i zochvt rium . and 
mixtures thereof . 

22. A method, as claimed in Claim 21, further 
comprising culturing said Thraustochvtrium . 
Schi zochvt rium . or mixtures thereof under nutrient- 
limited conditions for an effective amount of time, 
preferably about 6 to 2A hours. 

23. A method, as claimed in Claim 20, further 
comprising adding to said omega-3 HUFAs or said 
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Thraustochytriales during post-harvest processing c t 
said omega-3 HUFAs or said Thraustochy t r ia 1 es a co-pound 
selected fron the qroup consisting of BHT, BHA , TBHQ, 
ethoxyquin, beta-carotene, vitamin E and vitamin C . 

24. A method, as claimed in Claim 20, wherein sai:i 
cu.ltur.ing step further comprises limiting the 
concentration in the medium of said source of 
assimilable nitrogen and harvesting said 
Thraustochy t r iales during said nitrogen limitation. 

2C. A method, as claimed in Clair. 21, further 
comprising stressing said T h r a • i s t o c h y t r± VLT- * 
S c h i ;:o:hytr iun , c r m ixtures t h o r o c * w it.:. 1 o.: 
temperatures during culturincj. 

2 C . A me t h o ti , as claimed in Clair*. 20, : u r t h e r 
comprising maintaining a high dissolved oxygen 
concentration in said medium during culturincj. 

27. A method, as claimed in Claim 21, wherein said 
medium further comprises an effective amount of 
phosphorous to provide sustained growth of said 
Thraustochvtr ium . Schizochvtr ium . or mixtures thereof . 

28. A method, as claimed in Claim 21, wherein said 
medium further comprises an effective amount of 
microbial growth factor to provide sustained growth o: 
said Th raus tochyt rium , Schi zochvtr i urn . or mixtures 
thereof . 

29. A method, as claimed in Claim 2£, wherein said 
microbial growth factor comprises yeast extract. 

30. A method, as claimed in Claim 28, wherein said 
microbial growth factor comprises corn steep liquor. 

21. A method of producing omega-3 HUFAs, as 
claimed in Claim 20, further comprising extracting 
lipids from said Thraustcchytriales. 

32. A method, as claimed in Claim 31, further 
comprising fractional crystallization of the extracted 
lipids to separate omega-3 HUFAs therefrom. 

33. A method, as claimed in Claim 32, wherein said 
fractional crystallization comprises the steps of: 
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a. rupturing microorganism cells to viol:: 
ruptured cells; 

b. solvent extracting a lipid mixture from the 
ruptured cells; 

c. hydrolyzing the lipid mixture; 

d. cold-crystallising non-IiUFAs i r. said lipid 
mixture . 

34. A method, as claimed in Claim 32, further 
comprising removing non-saponif iable compounds from said 
lipid mixture prior to said cold-crystal 1 i::at ion. 

35. A method, as claimed in Claim 20, '/herein said 
carbon source and said nitrogen source ccrr.priso ground 
grain. 

36. A method of producing omega -I* III? As, 
comprising culturing Thraustochvt r ium in a medium 
comprising ground grain. 

37. A unicellular microorganism having the 
identifying characteristic of ATCC number 20Soo an:: 
mutant strains derived therefrom. 

38. A unicellular microorganism having the 
identifying characteristic of ATCC number 20SS9 and 
mutant strains derived therefrom. 

39. A unicellular microorganism having the 
identifying characteristic of ATCC number 20390 and 
mutant strains derived therefrom. 

40. A unicellular microorganism having the 
identifying characteristic of ATCC number 20891 and 
mutant strains derived therefrom. 

41. A unicellular microorganism having the 
identifying characteristic of ATCC number 20392 and 
mutant strains derived therefrom. 

42. A method for selecting unicellular, aquatic 
microorganisms capable of heterotrophic growth and 
capable of producing omega- 3 _ HUFAs comprising the steps 
of: 

a. selecting microorganisms of a size between 
about l«r. and 25;.m from a sample population cf 
microorganisms ; 
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b. culturing said selected m icroorgan i sr.:-; in a 
medium comprising a source of organic carbon, 
assimilable nitrogen, assimilable phosphorous, and a 
microbial growth factor under heterotrophic conditions; 
i- and 

c . selecting clear or w h i t e - c o 1 o r e d n o r. - 
filamentous colonies having rough or textured "surfaces • 

43. A method, as claimed in Claim 42, further 
comprising selecting orange or red-colored ncn- 
filamentous colonies having rough or textured surfaces. 

44. A method, as claimed in Claim 42, wherein said 
sample population is collected from naturally occuring 
shallow saline habitats. 

45. A method, as claimed in Claim 44, wherein, said 
habitat is a saline warm spring along the Colorado i-:ivcr 
near Glenwood Springs, Colorado. 

46. A method, as claimed in Claim 44, wherein said 
habitat is a saline warm spring on the western edge cf 
the Stansbury Montains, Utah. 

47. A method, as claimed in Claim 44, wherein said 
habitat is the Tijuana estuary of San Diego County, 
Cal i f ornia . 

4£. A method, as claimed in Claim 44. -wherein said 
habitat is the Goshen playa near Goshen, Utah. 

49. A method, as claimed in Claim 44, wherein said 
habitat is the marine tide pools in the Bird Rocks area 
of La Jolla, California. 

50. A method for treating cardiovascular diseases, 
comprising introducing microorganisms or extracted 
omega-3 HUFAs selected from the group consisting cf 
Thraustochv trium . Schi zochvtr ium . omega -2 HUFAs 

S extracted from T hraustcchvt rium . omega-3 HUFAs extracted 
frOD Schizochvtrium . and mixtures thereof into a diet. 

51. A method for treating inflammatory and/cr 
J^HH-H ° 1 P gical . diseases, comprising introducing 

microorganisms or extracted omega-3 HUFAs selected from 
the group consisting of Thraustochvtrium , 
5 Schizochvtrium, omega-3 HUFAs extracted fro: 
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Thraustochvtr i u n , omega-3 MUFAr, e>::ractoci iror 
Sch i zochyt r i u- , and fixtures 'thereof into a diet.. 

52. A method for treating cancer, ccr.pri 3 ::y; 
introducing microorganisms or extracted omega-j JiV-'Ar; 
selected from the group consisting of Thra usto chy t rjur. , 
S c h i z o c h v t r i urn , o m e g a - 3 f I U F A s e x t r a c t e d : r o r 
- Thrciustochytriur. , omega-3 HUFAs extracted : rzr 
Sch i ::ochy tr i u rn , and mixtures thereof into a diet. 




Best Available Copy 



WO 91/07498 l»CT/l S9O/0A375 

1 / 9 




SUBSTITUTE SHEET 



BeSt Available Copy 



H O 91/07498 I'C'l /l S90/06.V75 

l / 9 



CVJ 
LU 
CE 
3 
CD 

Li. 




Best Available Copy 



PCT/l S90/06375 

3 / 9 




;° 

lb 

CO 



i 



O 
> 

UJ 

DC 



Q 
UJ 

I- 

S 

O 
CO 



UJ 



SUBSTITUTE SHEET 



Best Available Copy 



WO «»l /»74«>8 l»CT/l SW/06J75 



4/9 



LU 

DC 
ZD 
CD 



CO 
CO 

cvi 

CVi 



o 
< 

DC 



O 
LU 




O 
LU 
I — 

o 

CO 

>- 
_J 

CO 

O 
> 

LU 
CC 
CL 



o o o o o o o o o o 

00)CON(Din^WWT- 



Q 
LU 

o 

CO 

>- 



LU 



SUBSTITUTE SHEET 




I'CT/l S«M»/06375 

5 / y 



CO 



CO 

< 1 
cr ii 



CO 
Q 



5 

o 

CO 



< 
cr 
t— 

CO 



>- 
_J 
CO 
3 

o 

> 

UJ 

cr 

Q. 



O 
CO 

CO 

o 

CNJ 
CO 
CNJ 



CM 
CO 
CNJ 
CD 
O 
CM 
CO 
CNJ 

CO 

TT 
CNJ 

O 
CO 
3 



DC 
LU 
CD 



o 
3 



CNJ 

CO 



< 
tr 

CO 




o 
o 

CO 



p 

in 

CVJ 



SUBSTITUTE SHEET 



~ best Available Copy 

HO 91/07498 



PCT/ 1 S90/06J75 

6/9 



CO 
LU 
DC 
Z> 
CD 



O 

Q 
O 

cc 



a* 




CO 
CO 

o 

CsJ 




SUBSTITUTE SHEET 



Best Available Copy 



WO 9 1/07498 PC-1/I S9.I/06375 

7/9 




SUBSTITUTE SHEET 



Debt Ava il ab l e Cupy 



WO 91/07498 



8/9 



ixi 
DC 

CD 



Q 

O 
< 



< 
I— 

o 



\ \ 



v \ \ 



V 



in 

CO 



o 

CM 



LU 



\ \ 

1 ^ \ 

\ \ \ 



O 
C\J 



in 



COCOTTCNJOCOCDxrCMO 



: < 
; x 
; Q 



LU 



i 

1 CO 

I 

_l 

< 
I— 

o 

J— 

I 

■ 



SUBSTITUTE SHEET 




Best Available Copy 

WO 91/07498 



PCT/l S90/06.V 



9/9 




SUBSTITUTE SHEET 



Best Available Copy 



INTERNATIONAL SEARCH REPORT 



International Application tin CT/US90/06375 



^ — - - — - "i'|i>aiiiivn 1 4 rf 

»■ CI.ASSIF.CAnON OF SOBJtCT MATTIW ,., .,.„.„ t ,.„„„ tWn %1 ^ olt apBI> .^"T^T 



U.S. g.: 435/134. 256, W,; «V93, 195.1; W 2, 558 ; 5K/5W, 560; 80O/2 ■ <. 26/ <, 9 , 55 

II FIELDS SEARCHED ™ ' ' — 



Mmmtum Oocum*n|,ihon Searched ' 



Classification SvSlem 



u.s 



Ci.i»vr«cat»on Svmtiois 



U l¥«na A24/93> 195>1: ^ 26/2 ' 558: 5U/5 * 9 ' 5 &0; 800/ 



Ore um^ntat.on Searched other lhan Minimum Oocumrni.Mion 
IO the Eileol lha? such Documents are includ-d in the Fields Searched • 



CAS ONLINE , BIOSIS 



ill DOCUMENTS CONSIDERED TO BE RELEVANT • 
Category * C.iat.oo or Document, n „, xu ,no, C at.on, »ne»e appropr.aie. of the relevant passages '? tT7.*e.ant to Cia.m No *> 



X 
T 



WO. A. H9/00f>0f. 
en lire document , 



(l onu) 2T» Jruiuar y ] 981 



WO, A , 88/10112 (Schwartz et al . ) 20 
December 1988. see entire document. 

Patent Abstracts of Japan, Unexamined 
Applications, Volume 9. No. 228 (c-303) 
issued 13 September 1985, Tuamoto, 
"Production of Fi cosapen t aenoi c Acid by 
Algae" , see page 69, application number 
60-87798 (A) . 



\:S. A, 4,792.418 
1988, see entire 



(Rubin et 
document . 



al . ) 20 December 



Special categories ol oteo documents: 10 
A" document defining tn* general state ol (he an *hi C h is not 
considered to oe ot particular relevance 

E" eari.er document Out oupl.shcd on or alter the miernat.on.il 
filing date 



3-3.8-1 I . 
20. 21 , 27-2^ 3 II 
"7-41 . 50-51 



-1-7.12-19. 
22-26 . 30 . 
32-36 . 4 2- 
49 rind 52 



12-15, 50 



22. 24 



32-34 



"I" document which ma» Ihro*. doubts on priori* ciAimtst o 
wh.ch .» c.ieo to estabi.sn »r. e oubhcat.on pate ol .moihei 
Citation O' other »occ-.M *e.iton ias spec<t>edf 

"O" docunienl referring 
Other means 

"P" document nuui'Sh 
later in.in the tino 



an o»ai disclosure, use. cihiot«on or 



to i.^e international iihny date on! 
claimed 



IV. CERTIFICATION 



T later document published aln»i in* international r.hna dale 
or pr.or.tv aate and not m conflict w.th the application but 
Cited IO understand the principle 0' Iheory underl r ,n Q the 
• nvcnlion * • 

"X" document of nan.cular relevance; me claimed invention 
cannot be considered no.et or cannot be considered to 
•n« 0 i*e an in«enii*e step 

"V document of D.vi.cui.v rele-ance; the cla.ntrid invent, on 
cannot be considered 10 m»oive an .n, C n|., v n ep Mh(n ^ 
document • * combined v. in one or more other such docuT 
| n f I c i7, , ** 1 * | uen con, f ,n «"on uv.ng obvious to a person Skilled 

'A document memocr ot the same patent lam.l, 



Dale ol the Aciuat Conn 



the International Scare* 



31 Ja: :u arv 1QQ| 



International Searching, A^-<ic.-ii« 



TSA/IK 



Date ot Mailing of this International Search Report 

2 6 FEB 1991 



Fwm PC T/ISA/? 10 1 second %fmmt) (Rev. n ar, 



S'(jnatu»e ol Authoriffd Ollict" 

Carol GerU-lo 



htlom.il.on.il Application Nc. 



III. DOCUMENTS CONSIDERED TO _ g RELEVANT (CONTINUED FROM THE SECOND SHE 



PC^'US90/06375 



Category • | Cl.it.on of Qocume.u. «>.in md.cai.on. where appropr.aic. ol lh C rdc».in. p.ns^rs | Relent to Cla.rn No 



X 

Y 



P. Y 



Jonu et al . , "American Type Culture 
Col 1 eel ion Catalogue of Fungi /Yeast. " ( 
Seventeenth Edition, published 1987 by 
American Tvpe Culture Collection, see onqes 
350 and 378. 

Chemical Abstracts. Volume 1 1 1 t \o . 2 1 issued 
20 November 1989, Behrens et al., 
M F i cosapen t a eno i c acid from mi croa 1 oae " sue 
page 623, column 2. abstract no. 193025d, 
Novel Microb. Prod. Med. Auiic. first 
1988. 253-259. 

Chemical Abstracts. Volume 111. No . 3 issued 
17 July 1989, Kyle et al . . "Nicroalgae as a 
source of EPA-con ta i n i ncj oils." see pau*- 4 95, 
column 2, abstract no. 221 36. Proc. -World 
Conf. Riotechnol . Fafs Oil Tnd., oubl i shed 
1988, 117-121. 

Patent Abstracts of Japan. Unexamined 
Applications, Volume 9, No. 247 (c-307) 
issued 03 October 1985. K'itamura, 
"Production of Health Food Egg", see page 
146 application number 60-105471 (A). 



37-41 
37-41 



42-49 



4 2-4 9 



13-17 



form PCT/tSA-210 {•nttrwm) <R#v. i t-B7| 



f 

9 



pcT/us<)0/or>37fi 

Attachment To PCT/TPEA/210 

VI. OBSERVATION'S KHRRF IJN'TTY OF TNVFN'TION TS LACK IXC 

T. Claims 1-10. 14-36 and 42-49 drawn to a food products, a 

hihI hod of us i ny and a met 1m >d of makiuu f :1 ass i f i abl e in class 4 35, 

subcl ass 1 34 . 

TT. Claim 11 drawn t<» an animal, classified in class 800. 
subclass 2. 

TTT. Claim 12 drawn to an animal flesh contain! no food product, 
classified in class 424, subclass 54 8. 

TV. Claim 13 drawn t f» an eiju - c< »n t ri i n i nu food product , rlass i f i »-d 
in cldss 424, ^ubclQbS 

V. Claims 37-41 drawn to m i crooruau i sms . cl as*: i f i ed in class 4 35, 
subcl ass 254 . 

VT . Claim SO drawn to ri method of use. classifiable in class 
424. subclass 93. 
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